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Description 

Technical Field 

s [0001] The present invention relates to novel cyclic tetrapeptide derivatives or pharmaceutically acceptable salts 
thereof, application of said compounds as histone deacetylase inhibitors and MHC class-l molecule expression promot- 
ing agents, as well as pharmaceutical compositions that comprise said cyclic tetrapeptide derivatives or pharmaceuti- 
cally acceptable salts thereof as effective ingredients and which have utility as pharmaceuticals such as anti-cancer 
agents by taking advantage of the aforementioned histone deacetylase inhibiting or MHC class-l molecule expression 

10 promoting action. 

Background Art? 

[0002] Tissue cells of a self inherently express on their ceil surface an MHC class-l molecule as an antigen present - 
15 ing molecule to discriminate externally invading foreign matters and pathogens from themselves and prevent false dam- 
age by their immunocytes. The immune system, looking at the MHC class-l molecule, identifies the tissue cells of a self 
and eliminates them from the target of its attack. On the other hand, cancerized cells or cells infected with cancer 
viruses, which are originally cells of a self, differ from normal cells of a serf in that they produce proteins associated with 
cance ration or proteins derived from the cancer viruses, and antigens derived from these non-serf proteins are pre- 
20 sented by the MHC dass-l molecule. The immunocytes, in particular cytotoxic T cells, can recognize the non-seH pro- 
tein-derived antigens, thereby excluding the cancer cells or cancer virus-infected cells. 

[0003] It has been reported, however, that in certain kinds of cancer cells or cancer virus infected cells, the expres- 
sion of the MHC class-l molecule is reduced, so that the aforementioned exclusion mechanism by the immune system 
is circumvented, causing expansion and enlargement of cancerized tissues as well as prolonged sustention and 

25 enlargement of cancer virus infection. In the studies for the purpose of preventing tumorization of the cancerized cells 
or cancer virus infected cells, some results have been reported suggesting that therapeutic effects may be attained by 
recovery of the reduced expression of the MHC class-l molecule. For example, Tanaka et a!, reported that in cancer 
celts transformed with adenovirus 12 or spontaneous melanoma, tumorization of these cancer cells may disappear 
upon enhancing the reduced expression of the MHC class-l molecule through introduction of MHC class-l gene: see 

30 Tanaka, K., Isselbacher, K.J., Khoury, G. and Jay, G., Science, 228. 26-30, 1985; Tanaka, K., Qorelik. E„ Watanabe. 
M., Hozumi, N. and Jay, Q., Mol. Cell. Biol., 6, 1857-1861 , 1988. 

[0004] By the way, the expression of MHC class-l molecule occurs during the differentiation processes after the 
growth of the self tissue cells, and the expression of MHC class-l molecule is expected to be promoted by promoting 
the translation of endogenous proteins in this process. While there are several mechanisms which control the transla- 

35 Won of endogenous proteins, one of those which may be considered to play an important role in gene expression is 
acetylation of histone proteins contained in the nuclear gene chromatins as their structural proteins. Illustratively, chro- 
matin is composed of the basic unit referred to as a nucleosome structure, in which a gene DNA is wound around four 
core histone octamers. Further, the basic units form higher-order structure. The neighborhood of the N-terminal of the 
core histone is in the form of a tail rich in basic amino acids and it further encloses the DNA on the aforementioned 

40 nucleosome. Lysine residues in the neighborhood of the tail region undergo reversible metabolic turnover of acetylation 
and are said to be closely involved in the structural control of nucleosome itself or in the transcriptional control through 
the control of binding with other proteins acting on gene DNA, such as transcriptional factors, silencer proteins and RNA 
polymerase. 

[0005] As a demonstration of gene expression control depending on acetylation of histone, it has been reported 
45 that higher acetylation of histone promotes the induced expression from genes present in a region of interest while 
deacetylation forms a transcriptional inactive region called heterochromatin. That is to say, histone which is a structural 
protein of chromatin and its acetylation are extended over the whole region of the chromosomal gene; nevertheless, it 
has been suggested that the function of histone greatly affects the expression of a specific gene and, in other words, is 
involved in the strict control of nuclear signal transmission. An enzyme for acetylattng histone is histone acetyltrans- 
60 ferase while an enzyme for deacetylating histone is histone deacetylase; these enzymes regulate the kinetic metabolic 
turnover relating to the level of histone acetylation. 

[0006] If the action of histone deacetylase is accentuated, proper differentiation of cells or normalization of their 
morphology is inhibited: however, when the enzyme activity of the histone deacetylase is inhibited, the deacetylation 
from histone is inhibited and, as a result, high acetylation of histone is caused to induce the gene expression required 
55 for differentiation and normalization of cell morphology. This phenomenon has been confirmed to some extent by stud- 
ies using trichostatin A shown in Fig. 1 or trapoxin analogs shown in Fig. 2, which are enzyme inhibitors of histone 
deacetylase. In addition, when these inhibitors are allowed to act on cells at higher concentrations, cell cycle inhibition 
is caused and consequently growth inhibition occurs. Trichostatin A exhibits a non-competitive enzyme inhibiting 
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actions at low concentrations and is a reversible inhibitor; on the other hand, trapoxin analogs exhibit competitive inhib- 
itory actions but are irreversible inhibitors. Further, it has also been reported that enzymatically active subunits of 
human derived histone deacetylase were purified on an affinity column using K-trap that is a cyclic tetrapeptide com- 
pound similar to trapoxin; thus, strong evidence has been given to demonstrate that the cyclic tetrapeptide structure as 
5 found in trapoxin and the like forms a selective intermolecular linkage with said enzymatically active subunit. 

[0007] As stated above, since an enzyme inhibitory substance of histone deacetylase is a drug causing cell differ- 
entiation or normal morphogenesis, it may also exhibit a promoting action in the expression of MHC class-l molecule 
which occurs as a step in the process of differentiation; however, no report confirming this possibility has been made to 
date. Accordingly, there is a strong need for search and proposal of histone deacetylase enzyme inhibitory substances 

10 that exhibit promoting actions on the expression of MHC class-l molecule in self tissue cells. Further, as stated above, 
a histone deacetylase enzyme inhibiting substance at a high concenration causes the inhibition of cell cycle and con- 
sequently exhibits growth inhibiting action so a need exists for the proposal of a novel anti-cancer agent that is based 
on the promotion of the MHC class-l molecule expression and which exhibits a combined anti-cancer action due to the 
contributions of not only the inhibition of tumorization and the exclusion of cancer cells by immune system, but also the 

16 cell growth inhibiting action, all being associated with the promotion of MHC class-l molecule expression. 

[0008] The present invention solves the aforementioned problems and an object of the present invention is to pro- 
vide a histone deacetylase enzyme inhibiting substance exhibiting a promoting action on the expression of MHC class- 
I molecule in self tissue cells and to provide a pharmaceutical composition comprising said histone deacetylase 
enzyme inhibiting substance as an effective ingredient. 

20 

Disclosure of the Invention 

[0009] To solve the aforementioned problems, the present inventors have eagerly studied and found that trichosta- 
tin A or its analogous compound trichostatin C that have a histone deacetylase enzyme inhibiting activity promotes the 

26 expression of MHC class-l molecule when they were allowed to act on animal cells and further found that in addition to 
the said trichostatins, butyric acid and trapoxin A that have the histone deacetylase enzyme inhibiting activity also 
exhibit the MHC class-l molecule expression promoting activity. Based on these findings, various cyclic tetrapeptide 
derivatives have been created and these cyclic tetrapeptide derivatives have been found to inhibit the enzyme activity 
of histone deacetylase reversibiy and exhibit the MHC class-l molecule expression promoting activity. Thus, the present 

30 invention has been completed. 

[0010] Accordingly, the present invention relates to a cyclic tetrapeptide derivative represented by any one of the 
general formula (I): 



35 
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the general formula {V)\ 
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the general formula (I"): 




and the general formula (I*): 




wherein: 

R 11> R 12> R 21 and R 22 independently denote a monovalent group selected from hydrogen, linear alkyl groups with 
1 to 6 carbon atoms, branched alkyl groups with 3 to 6 carbon atoms, linear o>-aminoalkyl groups with 1 to 5 carbon 
atoms, branched aminoalkyl groups with 3 to 5 carbon atoms, N-acyl-aminoalkyl groups in which the amino group 
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on said linear or branched aminoalkyl groups is substituted with an acyl group or a halogeno-substituted acyl group 
that have 3 or less carbon atoms, benzyl group, 4-methoxybenzyl group, 3-indolylmethyl group, (N-methoxy-3- 
indolyl)methyl group, (N-acyl-3-indolyl)methyl groups having an acyl group with 3 or less carbon atoms as a sub- 
stituent on the ring-forming nitrogen atom, and methyl group substituted with an aryl group comprising 4 or less 
5 rings; 

R 3 denotes a divalent group selected from linear alkylene groups with 3 or 4 carbon atoms in the chain which may 
have a branched chain on the chain, linear alkenylene groups with 3 or 4 carbon atoms in the chain which may have 
a branched chain on the chain, linear alkadienylene groups with 4 carbon atoms in the chain which may have a 
branched chain on the chain, and those divalent groups in which the branched chain added onto said linear 

10 alkylene, linear alkenylene or alkadienylene group form a fused ring structure, as well as those divalent groups in 
which among the carbon atoms constituting the chained hydrocarbon groups, one of the carbon atoms other than 
that having a free valence has been replaced with a heteroatom oxygen, sulfur or nitrogen; 
R 4 denotes a divalent chained hydrocarbon group with 4 to 6 carbon atoms in the chain which may have a branched 
chain on said chain, or a divalent group in which among the carbon atoms constituting the chained hydrocarbon 

15 groups, at least one of the carbon atoms other than that having a free valence has been replaced with a heteroatom 
oxygen, sulfur or nitrogen; 

R4 denotes a divalent chained hydrocarbon group with 4 to 6 carbon atoms in the chain which may optionally have 
a branched chain on said chain, or a divalent group in which among the carbon atoms constituting the chained 
hydrocarbon groups, at least one of the carbon atoms other than that having a free valence has been replaced with 

20 a heteroatom oxygen, sulfur or nitrogen; and 

R 5 in the general formulae (I") or (I'") denotes a methyl group or halogeno-substituted methyl group, or a pharma- 
ceutical^ acceptable salt thereof; a histone deacetylase inhKKor comprising said cyclic tetrapeptide derivative or 
pharmaceutical^ acceptable salt thereof; an MHC class-l molecule expression promoting agent comprising said 
cyclic tetrapeptide derivative or pharmaceutical ly acceptable salt thereof as an effective ingredient; as well as a 

25 pharmaceutical composition, such as an anti-cancer agent, comprising said cyclic tetrapeptide derivative or phar- 
maceutical^ acceptable salt thereof as an effective ingredient. 

Brief Description of the Drawings 

30 [0011] 

Fig. 1 shows the molecular structures of trichostatin A and trapoxin, as well as the action thereof to inhibit histone 
deacetylation. 

Fig. 2 shows the molecular structures of trapoxin analogs. 
35 Fig. 3 shows the MHC class-l molecule expression promoting action of the compounds of Examples 1 to 3 and Ref- 
erence Example 1 , as well as their dependence on the concentration of addition. 

Fig. 4 shows the MHC class-l molecule expression promoting action of the compounds of Examples 4 and 5 and 
trichostatin A, as well as their dependence on the concentration of addition. 

Fig. 5 shows the MHC class-l molecule expression promoting action of nicotinic acid and its derivatives, as well as 
40 their dependence on the concentration of addition. 

Fig. 6 shows the effect of inhibiting histone deacetylation in B16/BL6 cells by the addition of the compound of 
Example 1 and trichostatin A. 

Fig. 7 shows the change of concentration of the compound of Example 21: HDA-31 in Wood after administration 
thereof into mouse tail vein. 

45 

Best Mode for Carrying Out the Invention 

[001 2] The cyclic tetrapeptide derivatives of the present invention and processes for preparing them will be herein- 
after described in more detail. In addition, the pharmacological activities of said cyclic tetrapeptide derivatives will be 
so generally described. 

[001 3] As stated above, the cyclic tetrapeptide derivatives are represented by any one of the four mutually related 
structures shown by the general chemical formulae (I) to (I'"). First, it will be described that these four molecular struc- 
tures have mutual close relationship to each other in their structures as stated below and that in this sense, they are 
compounds having a high degree of structural similarity. 
66 [0014] The cyclic tetrapeptide derivative represented by the general formula (I) according to the present invention 
is obtained by first ligating the four constituent amino acids to prepare a corresponding chained tetrapeptide derivative 
and then cyclizing the chained tetrapeptide derivative. Thus, a cyclic tetrapeptide skeleton is formed through peptide 
linkages of the following four anamino acids represented by the general formulae (II) to (V), i.e., an a-amino acid repre- 
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sented by the following general formula (II): 



R11 R12 



(H) 



OH 



w 



wherein R n and R 12 denote the same groups as R-n and R 12 in the general formula (I), respectively; an a-amino acid 
represented by the general formula (III): 




wherein R21 and R 2 2 denote the same groups as R 2 i and R 22 in the general formula (I), respectively; a cyclic a-amino 
acid represented by the general formula (IV): 




wherein R3 denotes the same group as R 3 in the general formula (I); and an a-amino acid represented by the general 
formula (V): 



35 



40 



OH 

OH 



(V) 



45 wherein R 4 denotes the same group as R4 in the general formula (I), and then a hydroxamic acid is derived from the 
side chain carboxyl group in the aforementioned general formula (V). 

[0015] The cyclic tetrapeptide derivatives represented by the general formula (I') correspond to the cyclic tetrapep- 
tide derivatives represented by the aforementioned general formula (I), except that the formation of the peptide chain is 
performed in the reverse direction. Thus, the cyclic tetrapeptide derivatives represented by the general formula (I) have 

so an amino acid sequence in which the four a-amino acids represented by the general formulae (II) to (V) are linked in 
the order of (H)-(HI)-(IV)-(V) from the N-terminal to the C-terminal; on the other hand, the cyclic tetrapeptide derivatives 
represented by the general formula (I ) have an amino acid sequence in which the lour a-amino acids represented by 
the same general formulae (II) to (V) are linked in the order of (VHiVHIII)-(ll) from the N-terminal to the C-terminal. 
[001 6] The cyclic tetrapeptide derivatives represented by the general formula (l") according to the present invention 

55 is such that the a-amino acid having a carboxyl group on the side chain that is represented by the general formula (V) 
in the cyclic tetrapeptide derivatives represented by the general formula (I) is replaced with an a-amino acid having an 
amino group on the side chain that is represented by the following general formula (V): 
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5 



00 



H 2 N 



10 wherein R 4 denotes the same group as R 4 in the general formula (I"), and that the four a-amino acids represented by 
the general formulae (II) to (IV) and the general formula (V') are linked to each other in the same order, i.e.. in the order 
of CH)-(i iO-C^O-CV') from the N-terminal to the C-terminal, through peptide linkage to form a cyclic tetrapeptide skeleton, 
followed by modifying the side chain amino group in the aforementioned general formula (V') with an acyl group. 

[001 7] The cyclic tetrapeptide derivatives represented by the general formula (P") correspond to the cyclic tetrapep- 

16 tide derivatives represented by the aforementioned general formula (I"), except that the formation of the peptide chain 
is performed in the reverse direction. Thus, the cyclic tetrapeptide derivatives represented by the general formula (I") 
have an amino acid sequence in which the four a-amino acids represented by the general formulae (II) to (V) are linked 
in the order of (ll)-(IM)-(IV)-(V) from the N-terminal to the C-terminal; on the other hand the cyclic tetrapeptide deriva- 
tives represented by the general formula (I") have an amino acid sequence in which the four a-amino acids represented 

20 by the same general formulae (II) to (V 1 ) are linked in the order of (V')-(IV)-(III)-(II) from the N-terminal to the C-terminal. 
[0018] In the cyclic peptides represented by the general formula (I) of the present invention, the configuration of 
their constituent a-amino acids may be either L- or D-configuration; preferably, at least one amino acid residue has a 
different configuration than the other amino acid residues in order to ensure structural stability. Illustratively, at least one 
of the four a-amino acids advantageously has D-configuration while the remainder have L-configuration. For instance, 

25 if one D-configuration is to be selected from the four a-amino acids, the a-amino acid of either the general formula (II) 
or the general formula (IV) which is adjacent to the a-amino acid of the general formula (V) may take D-configuration. 
If two D-configurations are to be selected, both the a-amino acids of the general formula (II) and the general formula 
(IV) which are adjacent to the a-amino acid of the general formula (V) may take D-configuration. If both the a-amino 
acids of the general formula (II) and the general formula (III) are glycine, that is. R^, R^. R21 and R22 are all hydro- 

30 gens, the remaining two amino acids may both take the same configuration. In this special case of selection, the pres- 
ence of the contiguous two glycines permits the cyclic peptide, taken as a whole, to maintain its structural stability due 
to the high flexibility of this site. 

[001 9] More preferably, among the aforementioned four amino acids, D-configuration may be chosen for the cyclic 
amino acid represented by the general formula (IV), while the remaining three take L-configuration; or, L-configuration 

35 may be chosen for the amino acid represented by the general formula (IV) while the remaining three take D-configura- 
tion. Alternatively, among the aforementioned four amino acids, both the a-amino acid of the general formula (IV) which 
is a cyclic amino acid and the a-amino acid of the general formula (II) take more preferably D-configuration while the 
remaining two take L-configuration, In particular, when the side chain in the a-amino acid residue of the general formula 
(II) is bulky, both the a-amino acid of the general formula (IV) which is a cyclic amino acid and the a-amino acid of the 

40 general formula (II) take more preferably D-configuration while the remaining two take L-configuration. That is. in the 
cyclic peptide of interest, the site near the enzymaticaily active site of histone deacetylase is not the side chain of N* 
acetylated lysine which is an inherent substrate for the enzyme but hydroxamic acid derived from the side chain car- 
boxyl group in the amino amcid of the general formula (V), so it is more preferable to select L-configuration for the amino 
acid of the general formula (V) as in the case of naturally occurring lysine. Therefore, in still more preferable embodi- 

45 ments, D-configuration is selected for the cyclic amino acid represented by the general formula (IV) while the remaining 
three take L-configuration; or D-configuration is selected for both the a-amino acid of the general formula (IV) which is 
a cyclic amino acid and the a-amino acid of the general formula (II) while the remaining two take L-configuration. 
[0020] More preferably, among the aforementioned four amino acids, D-configuration may be chosen for the cyclic 
amino acid represented by the general formula (IV), while the remaining three take L-configuration; or, L-configuration 

so may be chosen for the amino acid represented by the general formula (IV) while the remaining three take D-configura- 
tion. It should also be noted that in the cyclic peptide of interest, the enzymaticaily active site of histone deacetylase is 
not the side chain of N-acetylated lysine which is an inherent substrate for the enzyme but hydroxamic acid derived from 
the side chain carboxyl group in the amino acid of the general formula (V), so it is more preferable to select L-configu- 
ration for the amino acid of the general formula (V) as in the case of naturally occurring lysine. Therefore, In still more 

55 preferable embodiments, D-configuration is selected for the cyclic amino acid represented by the general formula (IV) 
while the remaining three take L-configuration. 

[0021] Now, the side chain hydroxamic acid structure: -R 4 -CO-NH-OH derived from the amino acid side chain of 
the general formula (V) will be described. As stated above, this site is substituted for the side chain of N-acetylated 
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lysine: -(CH 2 ) 4 -NH-CO-CH 3 which is an inherent substrate for the enzyme of interest and the length of the chain of the 
divalent group R 4 is preferably at least 4 but not more than 6. If the chain length of R4 is less than 4, suitable access to 
the enzymatically active site of histone deacetylase can not be realized. On the other hand, R 4 having a chain length of 
7 or more is unduly long. In any of these cases, the ability to inhibit the enzymatic activity of histone deacetylase will be 
5 significantly damaged. 

[0022] The divalent group R 4 may be unbranched like the side chain of N-acetylated lysine or it may have a 
branched chain on the chain like the corresponding chain portion of a known inhibitor trichostatin A. The chain length 
of the branched chain may be chosen from the range not exceeding 4. Preferably, the branched chain has 3 or less car- 
bon atoms; in particular, methyl group (CH 3 -) or methylidene group (CH 2 =) having one carbon atom is more preferable. 
10 The main chain of R4 may be a saturated alkylene group or an unsaturated alkenylene or alkadienylene group. If R 4 has 
a methylidene group (CH 2 =) as the branched chain, it will have more unsaturated carbon-carbon bonds than the afore- 
mentioned main chain. However, if an unsaturated carbon-carbon bond is to be present in the main chain, it may advan- 
tageously be take the trans configuration relative to the direction of the main chain. 

[0023] Examples of the amino acids of the general formula (V) may include 2-aminoheptane-dioic acid (a-ami- 

15 nopimelic acid; H-Api-OH) as one having a tetrameihylene group with 4 carbon atoms as R 4 , 2-aminooctane-dioic acid 
(a-aminosuberic acid; H-Asu-OH) as one having a pentamethylene group with 5 carbon atoms as R 4 , and 2-aminono- 
nane-dioic acid (a-aminoazeiaic acid; H-Aaz-OH) as one having a h exam ethylene group with 6 carbon atoms as R 4 . 
[0024] The remaining portion of the cyclic tetrapeptide plays such a role that the side chain hydroxamic acid struc- 
ture: -R 4 -CO-NH-OH derived from the amino acid of the aforementioned general formula (V) is directed to the enzymat- 

20 ically active site of histone deacetylase and held there. This role is substantially identical with the function of the cyclic 
peptide portion of trapoxin analogs which are known irreversible inhibitors. Thus, the remaining portion of the cyclic 
tetrapeptide provides intermolecular linkage to the neighborhood of the enzymatically active site of histone deacety- 
lase, thereby ensuring that the side chain hydroxamic acid structure derived from the amino acid of the aforementioned 
general formula (V) is fixed onto the enzymatically active site. 

25 [0025] Therefore, the remaining three a-amino acids may be of any types so long as their side chains are utilized 
in binding the peptide to the surface of the histone deacetylase protein. The cyclic amino acid of the general formula 
(IV) is a main functional part for fixing the direction of the side chain hydroxamic acid structure derived from the amino 
acid of the aforementioned general formula (V). The ring structure of the cyclic amino acid of the general formula (IV) 
is preferably a 5-membered ring that is the same as the naturally occurring D-proline in trapoxin B shown in Fig. 2 or a 

30 6-membered ring that is the same as the naturally occurring D-piperidine-2-carboxylic acid in trapoxin A shown in Fig. 
2. Thus, the divalent group R 3 constituting this ring is preferably a trimethylene group in proline, a tetramethylene group 
in piperidine-2-carboxylic acid, or an unsaturated linear hydrocarbon group having a carbon-carbon double bond in cor- 
respondence to the linear hydrocarbon group with a chain length of 3 or 4. The aforementioned linear hydrocarbon 
group with a chain length of 3 or 4 may have a branched chain added on the chain; this branched chain may be replaced 

35 with a fused ring structure; or in these divalent hydrocarbon groups, the carbon atoms which form a bond to the amino 
nitrogen atom and the carbon atom at a position of the carboxylic acid and which are other than the carbon atom on 
which the free valence in said divalent group is present may be replaced with any heteroatom such as oxygen, sulfur or 
nitrogen. If the aforementioned branched chain is to be replaced with a fused ring structure, R 3 itself exists as a part of 
the ring in the cyclic amino acid of the general formula (IV). For example, 1,2,3,4-tetrahydroisoquinoline-3-carboxylic 

40 acid corresponds to a structure in which a benzene ring is fused to piperidine-2 -carboxylic acid; as in this example, the 
ring structure of the cyclic amino acid may mean one in which two rings are fused. Inter alia, R3 is more preferably a 
trimethylene group, a tetramethylene group, or an unsaturated linear hydrocarbon group having a carbon-carbon double 
bond in correspondence to the linear hydrocarbon group with a chain length of 3 or 4. 

[0026] The present invention encompasses a variation in which the cyclic amino acid of the general formula (IV) is 
45 replaced with N-alkylated a-amino acid, such as N-methylglycine (sarcosine), having a similar structure except that the 
carbon chain forming the ring structure of said cyclic amino acid is interrupted. If the cyclic amino acid of the general 
formula (IV) is to be replaced with an N-alkylated a-amino acid having a similar structure, said N-alkylated a-amino acid 
preferably has a configuration equivalent to that of a cyclic amino acid having D-conf iguration. Therefore, the alkyl group 
used in N-alkylation is preferably a methyl or ethyl group; in particular, a methyl group is more preferable. 
so [0027] Generally, the remaining two a-amino acids preferably have a side chain as bulky as naturally occurring a- 
amino acids. That is to say, the side chain should not be more bulky than p-hydroxybenzyl group of tyrosine, benzyl 
group of phenylalanine or 3-indolylmethyl group of tryptophan in the trapoxin analogs shown in Fig. 2. As in the case of 
the corresponding portions of these trapoxin analogs, amino acids other than basic or acidic amino acids, i.e., neutral 
amino acids among hydrophobic amino acids and hydrophilic amino ackJs are preferable. Further, non-native amino 
55 acids having a structural similarity to neutral amino acids among naturally occurring hydrophobic amino acids and 
hydrophilic amino acids may be used. Therefore, preferred choices for R 11( R 12 , R 21 and R 22 may include hydrogen, 
linear alkyl groups having 1 to 6 carbon atoms, branched alkyl groups having 3 to 6 carbon atoms, benzyl group, 4- 
methaxybenzyl group, 3-indolylmethyi group, (N-methoxy-3-indolyl) methyl group. (N-formyl-3-indolyl)methyl group, and 
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a methyl group substituted with an aryl group having 4 or less rings which is similar to benzyl group. The methyl group 
substituted with an aryl group having 4 or less rings means a methyl group substituted with an aryl group in which 4 or 
less rings constitute a fused ring structure, such as 1 -naphthyl group or 1 -phenanthryt group, and corresponds to a ben- 
zyl group further fused with a benzene ring. 

5 [0028] In addition, in the a-amino acid side chains represented tyH u , R 12 , R 2 i and R 22 . those which are disubsti- 
tuted on the amino group nitrogen atom contained therein may be used, as in the case of N.N-dimethylaminophenyl 
group present in trichostatin A shown in Fig. 1; alternatively, those in which the phenyl group in the benzyl group is 
replaced with a pyrimidyl group or a like substrtuent containing nitrogen atom in a heterocyclic aromatic ring group, may 
be used. Further, those in which the carboxyl group in the 6ide chain is converted to an ester or amide may also be 

10 used. 

[0029] As in the case of 2-methyalanine (2-amino-2-methylpropanoic acid; H-Aib-OH) present in chlamydocin 
shown in Fig. 2, a less bulky side chain may also be present on a position of a naturally occurring ordinary a-amino 
acid. Either one of or R 12 may advantageously be hydrogen atom, except for the case where they are less bulky 
side chains which do not cause steric interference as in 2-methylalanine. For the same reason, either one of R 21 or R 22 

15 may advantageously be hydrogen. In particular, those amino acid6 which give benefit to hydrophobic interaction upon 
binding to proteins, as exemplified by naturally occurring hydrophobic amino acids and tyrosine, may more preferably 
be selected as the a-amino acids represented by the aforementioned general formulae (II) and (III). When hydroxy! or 
imino group is present as in tyrosine or tryptophan, said group may advantageously be protected by a suitable modifi- 
cation, such as O-aikylation of the hydroxy! group, N-alkoxylation of the imino group or N-acylation. 

20 [0030] Therefore, a more preferred example of the cyclic tetrapeptide derivatives represented by the general for- 
mula (I) may be represented by the following general formula (VI): 



25 



30 



35 




wherein has the same meaning as R^ in the general formula (I), R 2 i has the same meaning as R 21 in the general 
40 formula (I), R3 has the same meaning as R 3 in the general formula (I), and R4 has the same meaning as R4 in the gen- 
eral formula (I), and and R 21 are more preferably selected from those which give benefit to hydrophobic interaction 
upon binding to proteins, as exemplified by naturally occurring hydrophobic amino acids and tyrosine. Illustratively, Rn 
and R 21 in the general formula (VI) are more preferably selected from the benzyl group of phenylalanine, p-hydroxyben- 
zyl group of tyrosine or its O-methylated form, p-methoxybenzyl group, the methyl group of alanine, 1-methylpropyl 
45 group of isoleucine, isopropyl group of valine, isobutyl group of leucine, hydrogen of glycine, and ethyl or propyl group. 
When R-n is a group containing an aromatic ring, as exemplified by the aforementioned benzyl group or p-methoxyben- 
zyl group, it is preferred to select R 2 i from chained hydrocarbon groups. This combination also benefits the synthesis 
of said cyclic peptides. 

[0031] In the cyclic tetrapeptide derivatives of the general formula (I*) according to the present invention, the amino 
60 acid sequence forming the ring in the cyclic tetrapeptide derivatives of the general formula (I) is reversed and the amino 
acids of the general formulae (II) to (V) preferably selected for the cyclic tetrapeptide derivatives of the general formula 
(I) are also preferred for the cyclic tetrapeptide derivatives of the general formula (I 1 ). With respect to the configurations 
of the amino acids of the general formulae (II) to (V). it is also more preferred to select D-configuration for the cyclic a- 
amino acid of the general formula (IV) and the a-amino acid of the general formula (II) while the remaining two a-amino 
66 acids take L-conf iguration or to its enantiomer. 

[0032] The cyclic tetrapeptide derivatives of the general formula (I") according to the present invention correspond 
to the cyclic tetrapeptide derivatives of the general formula (I), except that the hydroxamic acid structure derived from 
the side chain carboxyl group of the a-amino acid represented by the general formula (V) is replaced with a structure 
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similar to the structure of the N-acetyiamino group in the side chain of the acetylated lysine residue in the substrate, 
acetylated histone. Therefore, the amino acids of the general formulae (II) to (IV) preferably selected for the cyclic 
tetrapeptide derivatives of the general formula (I) are also preferred as the amino acids of the general formulae (II) to 
(IV) in the cyclic tetrapeptide derivatives of the general formula (!")■ With respect to the amino acid of the general for- 

5 mula (V'). in particular to the divalent group R 4 constituting the side chain thereof, those preferable as the divalent group 
R 4 derived from the amino acid of the general formula (V) in the cyclic tetrapeptide derivatives of the general formula 
(I) are also preferred. A particular difference from the amino acid of the general formula (V) is that in the amino acid of 
the general formula (V). the chain length of the divalent group R 4 corresponding to the side chain of acetylated lysine 
residue is more preferably 4. Further, with respect to the configurations of the amino acids of the general formulae (II) 

w to (IV) and (V*), selections preferable for the aforementioned cyclic tetrapeptide derivatives of the general formula (I) are 
also preferred. Consequently, a series of compounds in which the hydroxamic acid structure in the aforementioned gen- 
eral formula (VI), which is a preferred example of the cyclic tetrapeptide derivatives of the general formula (I), is 
replaced with N-acylated amino group structure are similarly preferred examples for the cyclic tetrapeptide derivatives 
of the general formula (I"). 

15 [0033] The cyclic tetrapeptide derivatives of the general formula (I") according to the present invention correspond 
to the cyclic tetrapeptide derivatives of the general formula (I), except that the hydroxamic acid structure derived from 
the side chain carboxyl group of the a-amino acid represented by the general formula (V) is replaced with a structure 
similar to the structure of the N-acetylamino group in the side chain of the acetylated lysine residue in the substrate, 
acetylated histone. Therefore, the amino acids of the general formulae (II) to (IV) preferably selected for the cyclic 

20 tetrapeptide derivatives of the general formula (I) are also preferred as the amino acids of the general formulae (II) to 
(IV) in the cyclic tetrapeptide derivatives of the general formula (I"). With respect to the amino acid of the general for- 
mula (V) in particular to the divalent group R 4 constituting the side chain thereof, those preferable as the divalent group 
R 4 derived from the amino acid of the general formula (V) in the cyclic tetrapeptide derivatives of the general formula 
(I) are also preferred. Consequently, a series of compounds in which the hydroxamic acid structure in the aforemen- 

25 tioned general formula (VI), which is a preferred example of the cyclic tetrapeptide derivatives of the general formula (I), 
is replaced with N-acylated amino group structure are similarly preferred examples for the cyclic tetrapeptide derivatives 
of the general formula (I"). 

[0034] The cyclic tetrapeptide derivatives of the general formula (I'") according to the present invention correspond 
to the cyclic tetrapeptide derivatives of the general formula (0, except that the hydroxamic acid structure derived from 

30 the side chain carboxyl group of the a-amino acid represented by the general formula (V) is replaced with a structure 
similar to the structure of the N-acetylamino group in the side chain of the acetylated lysine residue in the substrate 
acetylated histone. Alternatively, they correspond to the cyclic tetrapeptide derivatives of the general formula (l") , except 
that the amino acid sequence forming the ring is reversed. Therefore, the amino acids of the general formulae (II) to (IV) 
preferably selectited for the cyclic tetrapeptide derivatives of the general formula (I) are also preferred as the amino 

35 acids of the general formulae (II) to (IV) in the cyclic tetrapeptide derivatives of the general formula (I'"). With respect to 
the amino acid of the general formula (V), in particular to the divalent group R 4 constituting the side chain thereof, those 
preferable as the divalent group R 4 derived from the amino acid of the general formula (V) in the cyclic tetrapeptide 
derivatives of the general formula (I) are also preferred. A particular difference from the amino acid of the general for- 
mula (V) is that in the amino acid of the general formula (V), the chain length of the divalent group R 4 corresponding to 

40 the side chain of acetylated lysine residue is more preferably 4. Further, with respect to the configurations of the amino 
acids of the general formulae (II) to (IV) and (V') ( selections preferable for the aforementioned cyclic tetrapeptide deriv- 
atives of the general formula (0 is also preferred. 

[0035] The cyclic tetrapeptide derivatives of the general formula (I"*) according to the present invention correspond 
to the cyclic tetrapeptide derivatives of the general formula (r), except that the hydroxamic acid structure derived from 

45 the side chain carboxyl group of the a-amino acid represented by the general formula (V) is replaced with a structure 
similar to the structure of the N-acetylamino group in the side chain of the acetylated lysine residue in the substrate 
acetylated histone. Alternatively, they correspond to the cyclic tetrapeptide derivatives of the general formula (I"), except 
that the amino acid sequence forming the ring is reversed. Therefore, the amino acids of the general formulae (II) to (IV) 
preferably selected tor the cyclic tetrapeptide derivatives of the general formula (I) are also preferred as the amino acids 

50 of the general formulae (II) to (IV) in the cyclic tetrapeptide derivatives of the general formula (I'"). With respect to the 
amino acid of the general formula (V) in particular to the divalent group R 4 constituting the side chain thereof, those 
preferable as the divalent group R 4 derived from the amino acid of the general formula (V) in the cyclic tetrapeptide 
derivatives of the general formula (I) are also preferred. 

[0036] The cyclic tetrapeptide derivatives of the present invention are any one of those of the general formulae (I) 
55 to (IV), in which the amino acid sequence forming the ring is the same or reverse. When the amino acid sequence is 
the same, the compounds of the general formula (I) are generally more preferable than the compounds of the general 
formula [V) and the compounds of the general formula (I") are more preferable than the compounds of the general for- 
mula (P). In a comparison between the compounds of the general formula (I) and the compounds of the general for- 
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mula (I"), the compounds of the general formula (t) are generally more preferable rf R 4 constituting the side chain of the 
amino acid residue of the general formula (V) is the same as R4 constituting the side chain of the amino acid residue of 
the general formula (V). As stated above, the cyclic tetrapeptide derivatives of the general formula (I) according to the 
present invention may be prepared by processes for the formation of peptide chain and cydization using the four a- 
5 amino acids represented by the general formulae (II) to (V) as the starting materials. One example of the processes will 
be generally described below. 

(Process for Preparation) 

10 [0037] The cyclic tetrapeptide derivatives of the present invention may be prepared by first preparing a chained 
tetrapeptide intermediate in which the four a-amino acids represented by the general formulae (II) to (V) are linked 
through peptide linkage, then converting it to a cyclic tetrapeptide, and eventually derivatizing the side chain carboxy] 
group of the a-amino acid represented by the general formula (V) to a hydroxamic acid structure. Hereinbelow the proc- 
ess for the preparation will be generally described. The chained tetrapeptide intermediate may be used in a structure 

18 which is cleaved at any of the peptide linkages in the desired cyclic tetrapeptide derivative. In the description below, 
however, a synthesis route via a chained tetrapeptide intermediate having the cyclic a-amino acid represented by the 
general formula (IV) at the C-terminal and the a-amino acid represented by the general formula (V) at the N-terminal 
wilt be given as an example. 

20 (Step 1 ) Synthesis of chained di-, tri- and tetrapeptides 

[0038] First, according to a general procedure of peptide synthesis, amino acids of the general formulae (III) and 
(IV) are linked to each other, an amino acid of the general formula (II) is then linked, and finally an amino acid of the 
general formula (V) whose side chain carboxyl group has been protected by benzyl estrif ication, e.g., L-Aaz(OBzl), L- 
25 Asu(OBzl) or L-Api(OBzl), is linked to form a chained tetrapeptide represented by the following general formula (VII): 



^Bzl 

O 




wherein R 11( R 12 , R 2 i. R22. R 3 and R 4 nave tne same meanings as R 11( R 12 , R2I' R 22- R 3 and R 4- respectively, of the 
general formula (I). 

40 [0039] In this process, Boc or 2-group was used to protect the amino groups of the starting amino acids, tert-butyl 
ester was used to protect the caroboxyl groups, and condensation was effected by DCC/HOBt method. The Z-group 
was removed by catalytic reduction with Pd-C catalyst in acetic acid, which was then distilled off, followed by extraction 
of free amine with aqueous sodium bicarbonate into ethyl acetate. An oily product recovered from the extract was used 
in condensation subsequent to vacuum drying. 

45 [0040] The entirely protected chained tetrapeptide represented by the general formula (VII) was purified by flash 
chromatography using silica gel column. 

(Step 2) Synthesis of cyclic peptide by very high dilution method 

50 [0041] Using trifluoroacetic acid, the Boc-group and tert-butyl ester in the entirely protected chained tetrapeptide 
represented by the general formula (VII) were removed (deprotected). After distilling off trifluoroacetic acid from the 
reaction mixture, the product represented by the following general formula (VIII): 



55 
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(vm) 



OH 



wherein R n , R 12 , Bgi- R 22« R 3 ancl R 4 nave the same meanings as R l1( R 12 , R 2v R 22» R 3 anc? R 4» respectively, of the 
general formula (I) was solidified with ether and petroleum ether and vacuum dried. 

[00421 One-tenth of the amount to be used of the peptide represented by the general formula (VIII) was dissolved 
in DMF and adjusted to a concentration of 0.1 mM. To the DMF solution under ice cooling, a tertiary amine, e.g., diiso- 
propylethylamine, and HATU (0-(7-azabenzotria20l-1-yl)-1,1.3.3-tetramethyluronium hexafluorophosphate) were 
added, and stirred at room temperature for 30 minutes. Subsequently, 1/1 0 of the amount to be used of the peptide rep- 
resented by the general formula (VIII) and HATU were added to the aforementioned DMF solution and stirred at room 
temperature for 30 minutes. These procedures were repeated 10 times in total to effect cyciization reaction. After the 
reaction, the reaction product (cyclic peptide) represented by the following general formula (IX): 



wherein R n , R 12 , F^, R22. R 3 an d R4 have the same meanings as R^, R 12 , R21. R 22« R 3 and R 4» respectively, of the 
general formula (I) was extracted into ethyl acetate and purified by flash chromatography using silica gel column. 

(Step 3) Introduction of side chain hydroxamic acid structure 

[0043] The side chain benzyl ester of the cyclic peptide represented by the general formula (IX) was removed by 
catalytic reduction with Pd-C catalyst in methanol, and after distilling off methanol, vacuum drying was effected to yield 
an oily product as a carboxylic acid. 

[0044] The cyclic peptide compound having a carboxylic acid on the side chain as obtained by the aforementioned 
deprotection and HOBt were dissolved in OMR and under ice cooling, hydroxylamine hydrochloride, triethylamine and 
then BOP reagent were added and stirred for 1 hour. After the reaction, DMF was distilled off, decantation was per- 
formed with water, and then lyophilization was effected to yield a final product as a while powder. This white powder 
was dissolved in a small amount of methanol, purified using semi -preparative column in HPLC, and lyophilized to yield 
a desired product represented by the general formula (I). 

[0045] The cyclic tetrapeptide derivatives represented by the general formula (0 according to the present invention 
may be prepared by a similar procedure: first.a chained tetrapeptide is synthesized according to the aforementioned 
Step 1, then converted into a cyclic tetrapeptide utilizing the contidions of Step 2; and the carboxyl group protected in 
the form of side chain benzyl ester etc. derived from the starting a-amino acid represented by the general formula (V) 
is converted into a side chain hydroxamic acid structure according to Step 3. 

[0046] The cyclic tetrapeptide derivatives represented by the general formula (I") according to the present invention 
can be prepared by the following procedure: an a-amino acid represented by the general formula (V) is used instead 




R 22 O 



BzJ 
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of the a-amino acid represented by the general formula (V) to synthesize a chained tetrapeptide according to the afore- 
mentioned Step 1. then converted to a cyclic tetrapeptide using the conditions ol Step 2. In these steps, the side chain 
amino group of the a-amino acid represented by said general formula (V) is protected with a generally used protecting 
group such as benzyloxycarbonyl group (Z group) for carried out the formation of a series of pepetide linkages and 
5 cyclization reaction. Then, the protecting group on the side chain amino group of the a-amino acid represented by said 
general formula (V) in the resulting cyclic tetrapeptide is deprotected to form a hydrochloride. Thereafter, a desired acyl 
group is substituted and introduced onto the side chain amino group. For instance, the introduction of a desired acyl 
group can be performed by using a corresponding acid anhydride and carrying out a generally used N-acyiation reac- 
tion. 

10 [0047] The cyclic tetrapeptide derivatives represented by the general formula (H according to the present invention 
can also be prepared by a similar procedure: an a-amino acid represented by the general formula (V) is used instead 
of the a-amino acid represented by the general formula (V) to form a cyclic tetrapeptide structure as in the synthesis of 
the aforementioned cyclic tetrapeptide derivatives represented by the general formula (I'). Thereafter, the protecting 
group on the side chain amino group of the a-amino acid represented by said general formula (V) is deprotected to form 

15 a hydrochloride salt. Then, a desired acyl group is substituted and introduced onto the side chain amino group. This N- 
acylation reaction may be carried out according to the conditions for the cyclic tetrapeptide derivatives represented by 
the general formula (I"). 

[0048] In addition to the aforementioned synthesis methods, the compounds represented by the general formula (I) 
or the general formula (I') may be synthesized by methods utilizing solid phase synthesis as illustrated in the below 

20 mentioned Examples 1 4, 1 8 and 23. For the compounds represented by the general formula (I") or the general formula 
(I'"), the extension of peptide chain and its cyclization may be carried out according to methods utilizing solid phase syn- 
* thesis as illustrated in the below mentioned Examples 14 and 18. 

[0049] The pharmaceutical^ acceptable salts of the cyclic tetrapeptide derivatives according to the present inven- 
tion mean, for example, salts with pharmaceutically acceptable inorganic acids, such as hydrochlorides, and salts with 

as pharmaceutically acceptable organic acids, such as acetate salts, if the derivatives contain a nitrogen atom showing 
basicity. 

[0050] The MHC class-l molecule expression promoting agents of the present invention comprise as effective 
ingredients the cyclic tetrapeptide derivatives having a hydroxamic acid structure (hydroxyaminocarbonyl structure) at 
the side chain terminal as described above or the cyclic tetrapeptide derivatives having an N-acylated amino group 

so structure at the 6ide chain terminal, and the agents have excellent expression promoting activities as shown in the 
below-mentioned Test Examples. The MHC class-l molecule expression promoting action is ancillary to histone 
deacetyiase enzyme inhibiting activity and this inhibition is considered to be reversible like trichostatin A having a 
hydroxamic acid structure. Further, not only by cell growth inhibition and cell cycle inhibiting action due to histone 
deacetyiase enzyme inhibition which becomes remarkable upon administration at higher concentrations, but also by the 

35 complementary effect of acton in eliminating cancer cells or cancerizing virus infected cells associated with cytotoxic T 
cells due to promoted MHC class-l molecule expression, advantages of high therapeutic effects are provided. In addi- 
tion, application as a drug is expected, which, when compared with trapoxin analogs which are irreversible inhibitors, 
allows unfavorable effects on the living body such as side-effects on normal tissue cells persist to a less degree and 
which, when compared with treating effects, cause greatly reduced relative side-effects. 

40 [0051] The pharmaceutical composition of the present invention attains therapeutic effects by utilizing the afore- 
mentioned MHC class-l molecule expression promoting action; the dose of the cyclic tetrapeptide derivative as an 
effective ingredient may be appropriately determined depending upon the object of the treatment, the degree of symp- 
toms, the sex, age and body weight of a subject to be therapeutic by its administeration. When an adult male is to be 
treated, the daily dose is usually in the range of 0.1 to 50 mg/kg, preferably 0.5 to 10 mg/kg; this dose is preferably 

45 divided into several portions per day. The pharmaceutical composition may be made in any dosage form suitable for its 
administration route and to this end, additive(s) which are generally used for peptide-like compound preparations of this 
type may be added to the cyclic tetrapeptide derivative as an effective ingredient. Since the composition is high in cell 
permeability, a variety of administration routes can be used; dosage forms and administration routes commonly used to 
administer peptide hormones are preferred. 

60 [0052] The cyclic tetrapeptide derivatives of the present invention and processes for the preparation thereof as well 
as excellent physiological activities of said cyclic tetrapeptide derivatives, i.e., excellent MHC class-l molecule expres- 
sion promoting action and histone deacetyiase enzyme inhibiting activity, will be described by way of examples. 

(Example 1) HDA-5; cyclo(-Asu(NHOH)-Phe-Phe-D-Pro-) 

55 

[0053] The process for the synthesis of the cyclic tetrapeptide HDA-5; cyclo(-Asu(NHOH)-Phe-Phe-D-Pro-) repre- 
sented by the following formula (X): 
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5 



10 



15 



20 




HO 



25 

will be described step by step. 

Synthesis of cyclo(-Asu(NHOH)-Phe-Phe-D-Pro-) 

30 Step 1 -1 : Z-Phe-D-Pro-OtBu 

[0054] To a solution of Z-Phe-OH (874 mg, 2.92 mmol), H-Pro-OtBu (500 mg, 2.92 mmol) and HOBt.H 2 0 (490 mg, 
3.20 mmol) in DMF (15 ml), DCC (660 mg, 3.20 mmol) was added under ice cooling and stirred for 1 hour and further 
stirred overnight at room temperature. After the reaction mixture was filtered and concentrated, it was redissolved in 
35 ethyl acetate and washed sequentially with 10% citric acid, 4% NaHC0 3 and with saturated aqueous sodium chloride 
solution. After being dried over anhydrous MgS04 and concentrated, the residue was purified by flash silica gel chro- 
matography (CHCI3) to yield 1 .40 g (quant) of the titled dipeptide compound as an oily material. 

Rf=0.72 (CHCl3/MeOH=9/1) 

40 

Step 1-2: Z-Phe-Phe-D-Pro-OtBu 

[0055] The dipeplide compound Z-Phe-D-Pro-OtBu (700 mg, 1 .45 mmol) obtained in step 1-1 was dissolved in ace- 
tic acid (5 ml) and stirred overnight (about 14 hours) under hydrogen atmosphere in the presence of 5% Pd/C (70 mg). 

45 After the reaction mixture was filtered and concentrated, an oily residue was dissolved in ethyl acetate and washed with 
4% NaHCC>3. After being dried over anhydrous sodium carbonate, the product was concentrated to yield H-Phe-D-Pro- 
OtBu (425 mg, 92%). The concentrate was redissolved in DMF (5 ml), and Z-Phe-OH (434 mg, 1 .45 mmol) and HOBt. 
H 2 0 (245 mg, 1.60 mmol) were added, followed by adding DCC (330 mg, 1.60 mmol) under ice cooling, and as such 
the mixture was stirred overnight. The reaction mixture was filtered, concentrated, redissolved in ethyl acetate, and 

so washed sequentially with 10% citric acid, 4% NaHC0 3 and with saturated aqueous sodium chloride solution. After 
being dried over MgS0 4 and concentrated, the residue was purified by flash silica gel chromatography (CHCI 3 ) to yield 
720 mg (90%) of the titled tripeptide compound as a foamy material. 

Rf=0.52 (CHCl3/MeOH=9/1) 

55 

Step 1-3: Boc.Asu(OBzl)-Phe-Phe-D-Pro-OtBu 

[0056] The tripeptide compound Z-Phe-Phe-D-Pro-OtBu (422 mg, 0.704 mmol) obtained in step 1 -2 was dissolved 
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in acetic acid (5 ml) and stirred overnight (about 14 hours) under hydrogen atmosphere in the presence of 5% Pd/C (40 
mg). After the reaction mixture was filtered and concentrated, an oily residue was dissolved in ethyl acetate and washed 
with 4% NaHC0 3 . After being dried over anhydrous sodium carbonate, the product was concentrated to yield H-Phe- 
Phe-D-Pro-OtBu (302 mg, 92%). 

5 [0057] The concentrate was redissolved in DMF (5 ml), and Boc-Asu(OBzl)-OH (320 mg, 0.844 mmol) and HOBt. 
H 2 0 (142 mg, 0.844 mmol) were added, followed by adding DCC (192 mg, 0.928 mmol) under ice cooling, and as such 
the mixture was stirred overnight. The reaction mixture was filtered, concentrated, redissolved in ethyl acetate, and 
washed sequentially with 10% citric acid, 4% NaHC0 3 and with saturated aqueous sodium chloride solution. After 
being dried over MgS0 4 and concentrated, the residue was purified by flash silica gel chromatography (CHCI 3 ) to yield 

10 426 mg (80%) of the titled linear tetrapeptide compound as a foamy material. 

Rf=0.59 (CHCb/MeOH=:9/1) 

HPLC: Rt=23.5 min (column: Wako Pak C4, 4.6 x 150 mm, 37-100% linear gradient CH 3 CN/0.1% TFA over 30 min) 

15 Step 1-4: H-Asu(OBzl)-Phe-Phe-D-Pro-OH.TFA 

[0058] To the compound Boc-Asu(OBzl)-Phe-Phe-D-Pro-OtBu (426 mg, 0.52 mmol) obtained in step 1-3, TFA (2 
ml) was added and stirred under ice cooling for 2 hours. The reaction mixture was concentrated and ether/petroleum 
ether (1/5) was added to the residue to precipitate it so as to yield the titled compound (366 mg, 90%) as a white pow- 
20 der. 

Rf=0.47 (CHCl3/MeOH/AcOH=90/10/2) 

HPLC: Rt=10.32 min (conditions being the same as in step 1-3) 

FAB-MS: m/z-=671 (M+1) 

25 

Step 1-5: cyclo(-Asu(OBzl)-Phe-Phe-D-Pro-) 

[0059] To a solution in DMA (400 ml) of the compound H-Asu(OBzl)-Phe-Phe-D-Pro-OH.TFA (31 mg, 0.040 mmol) 
obtained in step 1-4, HATU (23 mg, 0.060 mmol) and 10% DIEA/DMF (280 0.16 mmol) were added and stirred at 

ao room temperature for 30 minutes. Further, the compound H-Asu(OBzl)-Phe-Phe-D-Pro-OH.TFA (31 mg, 0.040 mmol), 
HATU (23 mg, 0.060 mmol) and 10% DIEA/DMF (280 0.16 mmol) were added 9 times every 30 minutes. After the 
reaction mixture was concentrated, the residue was redissolved in ethyl acetate, washed sequentially with 10% citric 
acid, 4% NaHC0 3 and with saturated aqueous sodium chloride solution, dried over MgS0 4 and concentrated. The 
resulting residue was purified by silica gel chromatography (2.5% methanol/CHCI 3 ) to yield the titled cyclic tetrapeptide 

35 compound (220 mg, 84%) as an oily material. 

HPLC: Rt=14.20 min (conditions being the same as in step 1 -3) 
Step 1-6: cyclo(-Asu(OH)-Phe-Phe-D-Pro-) 

40 

[0060] The compound cyclo(-Asu(OBzl)-Phe-Phe-D-Pro-) (94 mg, 0.144 mmol) obtained in step 1 -5 was dissolved 
in MeOH (3 ml) and stirred for 4 hours under hydrogen atmosphere in the presence of 5% Pd/C (10 mg). By filtering 
and concentrating the reaction mixture, the titled compound (74 mg, 91%) was obtained as an oily material. 

45 HPLC: Rt=17.03 min (column: Wako PakC18, 4.6 x 150 mm, 10-100% linear gradient CH 3 CN/0.1% TFA over 30 
min) 

Step 1-7: cyclo(-Asu(NHOH)-Phe-Phe-D-Pro-) 

so [0061 ] To a DMF (3 ml) solution of the compound cyclo(-Asu(OH)-Phe-Phe-D-Pro-) (74 mg, 0.1 32 mmol) obtained 
in step 1-6 and HOBt. H 2 0 (30 mg, 0.198 mmol), a filtrate obtained by adding TEA (40 uJ, 0.264 mmol) to a solution of 
hydroxylamine hydrochloride (19 mg, 0.264 mmol) in DMF, neutralizing and filtering, and BOP (90 mg, 0.178 mmol) 
were added under ice cooling, and stirred for 3 hours. After being dried, the reaction mixture was dissolved in MeOH, 
preparatively purified by reverse-phase HPLC (column: YMC-Pack ODS A323, 10 x 250 mm, 25% CH 3 CN/0.1% TFA), 

55 and lyophilized to yield the titled compound. 

HPLC: Rt=16.43 min (conditions being the same as in step 1-6) 
FAB-MS: m/z-577 (M*) 
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(Example 2) HDA-17; cyclo(-Aaz(NHOH)-Phe-Phe-D-Pro-) 

[0062] The process for the synthesis of the cyclic tetrapeptide HDA-1 7; cyclo(-Aaz(NHCH)-Phe-Phe-D-Pro-) repre- 
sented by the following formula (XI): 




will be briefly described. Subsequent to step 1-2 described in Example 1 , a chained tetrapeptide Boc-Aaz(OBzl)-Phe- 
Phe-D-Pro-OtBu was prepared using Boc-Aaz(OBzl)-OH instead of Boc-Asu(OBz1)-OH according to step 1-3. Thereaf- 
ter, by applying the procedure consisting of steps 1-4 to 1-7. deprotection, cyclization and conversion of the side chain 
carboxylic acid into hydroxamic acid structure (hydroxyaminocarbonyl structure) were carried out to yield the titled cyclic 
tetrapeptide. 

FAB-MS: rrvz=591 (M + ) 

(Example 3) HDA-18; cyclo(-Api(NHOH)-Phe-Phe-D-Pro-) 

[0063] The process for the synthesis of the cyclic tetrapeptide HDA-1 8; cydo(-Api(NHOH)-Phe-Phe-D-Pro-) repre- 
sented by the following formula (XXI): 
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will be briefly described. Subsequent to step 1-2 described in Example 1, a chained tetrapeptide Boc-Api(OBzl)-Phe- 
Phe-D-Pro-OtBu was prepared using Boc-Api(OBzl)-OH instead of Boc-Asu(OBzl)-OH according to step 1 -3. Thereaf- 
ter, by applying the procedure consisting of steps 1-4 to 1-7, deprotection cyclization and conversion of the side chain 
carboxylic acid into hydroxamic acid structure (hydroxyaminocarbonyl structure) were carried out to yield the titled cyclic 
tetrapeptide. 

FAB-MS: m/z=563 (M*) 
(Example 4) HDA-12; cyclo(-Asu(NHOH)-D-Phe-Leu-Pip-) 

[0064] The process for the synthesis of the cyclic tetrapeptide HDA-12; cyclo(-Asu(NHOH)-D-Phe-Leu-Pip-) repre- 
sented by the following formula (XIII): 
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25 will be briefly described. According to step 1-1 of Example 1 , Z-Leu-DL-Pip-OtBu was prepared from Z-Leu-OH and H- 
DL-Pip-OtBu. According to step 1-2 of Example 1 , Z-D-Phe-Leu-DL-Pip-OtBu was prepared from Z-Leu-DL-Pip-OtBu 
and Z-D-Phe-OH. Then, a chained tetrapeptide Boc-Asu(OBzl)-D-Phe-Leu-DL-Pip-OtBu was obtained from Z-D-Phe- 
Leu-DL-Pip-OtBu and Boc-Asu(OBzl)-OH according to step 1-3 of Example 1. Thereafter, by applying the procedure 
consisting of steps 1-4 to 1 -7, deprotection, cyclization and conversion of the side chain carboxylic acid into hydroxamic 

30 acid structure (hydroxyaminocarbonyl structure) were carried out to yield the titled cyclic tetrapeptide. 

FAB-MS: m/z=559 (M + ) 
(Examples) HDA-15; cyclo(-Asu(NHOH)-Aib-Phe-D-Pro-) 



[0065] The process for the synthesis of the cyclic tetrapeptide HDA-15; cydo(-Asu(NHOH)-Aib-Phe-D-Pro-) repre- 
sented by the following formula (XIV): 
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25 

will ba briefly described. Subsequent to step 1-1 of Example 1 , Z-Aib-Phe-D-Pro-OtBu was prepared using Z-Aib-OH 
instead of Z-Phe-OH according to step 1-2. Then, a chained tetrapeptide Boc-Asu(OB2l)-Aib-Phe-D-Pro-OtBu was 
obtained from Z-Aib-Phe-D-Pro-OtBu and Boc-Asu(OBzl)-OH according to step 1-3. Thereafter, by applying the proce- 
dure consisting of steps 1-4 to 1-7, deprotection, cyclization and conversion of the side chain carboxyiic acid into 
so hydroxamic acid structure (hydroxyaminocarbonyl structure) were carried out to yield the titled cyclic tetrapeptide. 

FAB-MS: m/z=51 7 (M + ) 
(Reference Example 1) HDA-19; cyclo(-Asu(NHOH)-Phe-Phe-D-Pro-) 2 

35 

[0066] The cyclic octapeptide HDA-19; cyclo(-Asu(NHOH)-Phe-Phe-D-Pro-)2 in which the same amino acid 
sequence as in the tetrapeptide (HDA-5) of the aforementioned Example 1 is repeated, was prepared according to a 
similar procedure from Boc-Asu(OBzl)-Phe-Phe-D-Pro-OtBu obtained in step 1-3 of Example 1. 

40 (Example 6) Synthesis of HDA-13; cydo(-L-Asu(NHOH)-D-Pro-L-Ala-D-Ala-) 

[0067] The process for the synthesis of the cyclic tetrapeptide HDA-13; cyclo(-L-Asu(NHOH)-D-Pro-L-Ala-D-Ala-) 
represented by the following lormula (XV): 
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will be briefly described. 



Step 6-1 : Boc-L-Asu(OBzl)-D-Pro-OtBu 



25 



[0068] Boc-L-Asu(OBzl)-OH (1.14 g, 3.0 mmol), H-D-Pro-OtBu (510 mg, 3.0 mmol) and HOBt.H 2 0 (505 mg, 3.3 
mmol) were dissolved in DMF (7 ml), and DCC (681 mg, 3.3 mmol) was added under ice cooling and stirred overnight 
at room temperature. After being filtered and concentrated, the reaction mixture was redissolved in ethyl acetate and 
washed sequentially with 10% citric acid, 4% NaHC0 3 and with saturated aqueous sodium chloride solution. After 
30 being dried over anhydrous MgS0 4 and concentrated, the residue was purified by flash silica gel chromatography 
(CHCI 3 ) to yield 1.51 g (94%) of the titled compound as an oily material. 

Rf=0.61 (CHCl3/MeOH=9/1) 

35 Step 6-2: Boc-L-Ala-D-Ala-OH 

[0069] To an aqueous solution (5 ml) of H-D-Ala-OH (668 mg, 7.5 mmol), TEA (1.26 ml, 9.0 mmol) was added 
under ice cooling, followed by mixing with a solution (10 ml) of Boc-L-Ala-Osu (1.43 g, 5.0 mmol) in DMF and stirring 
overnight at room temperature. After concentration of the reaction mixture, the residue was dissolved in aqueous 
40 NaHC03 solution and the aqueous phase was washed with ethyl acetate. The aqueous phase was acidified with citric 
acid and extracted with ethyl acetate and the organic phase was washed with saturated aqueous sodium chloride solu- 
tion. After drying over anhydrous MgS04 and concentrating, diethyl ether/petroleum ether (1/5) was added to the resi- 
due to solidify it, yielding 890 mg (68%) of the titled compound as a white powdery material. 

45 Ftf=0.40 (CHCI^/MeOH/acetic acid=90/10/2) 

Step 6-3 Boc-L-A!a-D-Ala-Asu(OBzl)-D-Pro-OtBu 

[0070] To Boc-L-Asu(OBzl)-D-Pro-OtBu (1.4 g, 2.63 mmol), TFA (3 ml) was added under ice cooling, and the mix- 
50 ture was allowed to stand for 20 minutes. The reaction mixture was concentrated and diethyl ether/peiroleum ether (1/5) 
was added to the residue. Decantation yielded in H-L-Asu(OBzl)-D-Pro-OtBu TFA (2.0 g, quant). 
[0071] This product was dissolved in DMF(10 ml) and Boc-L-Ala-D-Ala-OH (810 mg, 3.16 mmol) and HOBt H 2 0 
(582 mg, 3.8 mmol) were added and further DCC (783 mg, 3.8 mmol) was added under ice cooling followed by stirring 
overnight. After filtering and concentrating, the reaction mixture was redissolved in ethyl acetate, and washed sequen- 
55 tially with 10% citric acid, 4% NaHC03 and with saturated aqueous sodium chloride solution. After drying over anhy- 
drous MgS0 4 and concentrating, the residue was purified by flash silica gel chromatography (1 % MeOH/CHCI 3 ) to yield 
1 .23 g (69%) of the titled compound as an oily material. 
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Rf=0.33 (CHCl3/MeOH=9/1) 
Step 6-4 cyclo(-L-Asu(NHOH)-D-Pro-L-Ala-D-Ala-) 

5 [0072] Subsequently, by applying the procedure consisting of steps 1 -4 to 1 -7 of Example 1 (HDA-5). deprotection, 
cyclization and conversion of the side chain carboxylic acid into hydroxamic add structure (hydroxyaminocarbonyl 
structure) were carried out to yield the titled cyclic tetrapeptide. 

HPLC: Rt=8.22 min (column: Wako PakC18, 4.6 x 150 mm, 0-100% linear gredient CH 3 CN/0.1% TFA over 30 min, 
10 flow rate 1.0 ml/min) 

FAB-MS: m/z=426 (M+H) + 

(Example 7) HDA-16; cyclo(-L-Asu(NHOH)-L-Trp(CHO)-L-Leu-D-Pip-) 

is [0073] The synthesis of the titled cyclic tetrapeptide HDA-16; cyclo(-L-Asu(NHOH)-L-Trp(CHO)-L-Leu-D-Pip-) rep- 
resented by the following formula (XVI): 
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40 

was carried out according to the procedure described in Example 4 (HDA-12). 

HPLC: Rt=17.34 min (column: Wako PakC18, 4.6 x 150 mm, 10-100% linear gredient CH3CN/0.1% TFA over 30 
min, flow rate 1.0 ml/min) 
45 FAB-MS: m/z=647 (M+Na) f 

(Example 8) HDA-33: cyclo(-L-Asu(NHOH)-L-Trp-L-Leu-D-Pip-) 

[0074] The synthesis of the titled cyclic tetrapeptide HDA-33; cyclo(-L-Asu(NHOH)-L-Trp-L-Leu-D-Pip-) repre- 
50 sented by the following formula (XVII): 



55 
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was carried out according to the procedure described in Example 4 (HDA-12). 

HPLC: Rt=17.08 min (column: Wako Pak C18, 4.6 x 150 mm, 0-100% linear gredient CH 3 CN/0.1% TFA over 30 
min, flow rate 1.0 ml/min) 
FAB-MS: m/z=597 (M+H) + 

(Example 9) HDA-32; cyclo(-L-Asu(NHOH)-L-Lys(Boc)-L-Phe-D-Pro-) 

[0075] TTie process for the synthesis of the cyclic tetrapeptide HDA-32; cyclo(-L-Asu(NHOH)-L-Lys(Boc)-L-Phe-D- 
Pro-) represented by the following formula (XVIII): 
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will be briefly described. 

Step 9-1 Boc-L-Asu(OBzl)-L-Lys(Z)-L-Phe-D-Pro-OtBu 

30 [0076] Boc-L-Lys(Z)-L-Phe-D-Pro-OtBu was obtained according to steps 1 -1 and 1 -2 of Example 1 (HDA-5). To this 
tripeptide (1.96 g, 2.88 mmol), TFA (3 ml) was added under ice cooling, and the mixture was allowed to stand for 20 
minutes. The reaction mixture was concentrated, dissolved in ethyl acetate, and washed sequentially with 4% NaHC0 3 
and saturated aqueous sodium chloride solution. By drying over anhydrous Na 2 C0 3 and concentrating, H-L-Lys(Z)-L- 
Phe-D-Pro-OtBu (1 . 32g, 79%) was obtained. 

35 [0077] This product was dissolved in DMF(10 ml) and, Boc-L-Asu(OBzl)-OH (1.07g. 2.81 mmol) and HOBt H 2 0 
(502 mg, 3.28 mmol) were added and further DCC (677 mg, 3.28 mmol) was added under ice cooling followed by stir- 
ring overnight. After filtering and concentrating, the reaction mixture was redissolved in ethyl acetate, and washed 
sequentially with 10% citric acid, 4% NaHC0 3 and with saturated aqueous sodium chloride solution. After drying over 
anhydrous MgS0 4 and concentrating, the residue was purified by flash silica gel chromatography (1% MeOH/CHCI 3 ) 

40 to yield 1 .55 g (72%) of the titled compound as a foamy material. 

Rf=0.80 (CHCl3/MeOH=9/1) 
Step 9-2 cyclo(-L-Asu-L-Lys(Boc)-L-Phe-D-Pro-) 

45 

[0078] To the compound Boc-L-Asu(OBzl)-L-Lys(Z)-L-Phe-D-Pro-OtBu obtained in step 9-1 , the procedure consist- 
ing of steps 1 -4 to 1-6 of Example 1 (HDA-5) was applied to carry out removal of Boc group and cyclization. The result- 
ing protected cyclic tetrapeptide (98 mg, 0.128 mmol) was dissolved in acetic acid (3 ml) and stirred under hydrogen 
atmosphere for 4 hours using 5% Pd-C (30 mg). The reaction mixture was filtered and concentrated to yield cyclo(-L- 

60 Asu-L-Lys-L-Phe-D-Pro-) 

[0079] This product was dissolved in a mixed solvent of dioxane (2 ml) and water (2 ml) and adjusted to pH 8 with 
NaHC0 3 . A solution of Boc 2 0 (42 mg) in dioxane was added to the mixture, under ice cooling, followed by stirring over- 
night. After being concentrated, the reaction mixture was redissolved in ethyl acetate, and washed sequentially with 
10% citric acid and saturated aqueous sodium chloride solution. After drying over anhydrous MgS0 4 , concentration 

55 was effected to yield 61 mg (74%) of the titled compound. 
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Step 9-3 cyclo(-L-Asu(NHOH)-L-Lys(Boc)-L-Phe-D-Pro-) 

[0080] Subsequently, by applying the procedure of step 1 -7 of Example 1 (HDA-5), conversion of the side chain car- 
boxylic acid into hydroxamic acid structure (hydroxyaminocarbonyl structure) was carried out to yield the titled cyclic 
s tetrapeptide. 

HPLC: Rt=1751 min (column: Wako PakC18. 4.6x150 mm, 10-100% linear gredient CH 3 CN/0.1% TFA over 30 
min, flow rate 1.0 ml/min) 
FAB-MS: m/z=659 (M+H) + 
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(Example 10) HDA-6; cyclo(-L-Lys(Ac)-L-Phe-L-Phe-D-Pro-) 

[0081 J The process for the synthesis of the cyclic tetrapeptide HDA-6; cyclo(-L-Lys(Ac)-L-Phe-L-Phe-D-Pro-) rep- 
resented by the following formula (XIX): 




<XK) 



35 



will be briefly described. 

*o Step 10-1 cydo(-L-Lys-L-Phe-L-Phe-D-Pro-).HCI 

[0082] Cyclo(-L-Lys(Z)-L-Phe-L-Phe-D-Pro-) was obtained by the application of the procedure consisting of steps 
1 -1 to 1 -6 described in Example 1 (HDA-5). After catalytic reduction in acetic acid, the acetate salt was converted into 
a hydrochloride to yield the titled compound. 

45 

FAB-MS: m/z-556 (M+H) + 

Step 10-2 cydo(-L-Lys(Ac)-L-Phe-L-Phe-D-Pro-) 

so [0083] To a DMF (2 ml) solution of the cyclo(-L-Lys-L-Phe-L-Phe-D-Pro-).HCI (44 mg, 80 mmol) obtained in step 
10-1, TEA(33 ml, 0.24 mmol) and acetic anhydride (12 ml, 0.12 mmol) were added under ice cooling and stirred for 2 
hours. The reaction mixture was neutralized by addition of acetic acid and concentrated. The crude peptide was pre- 
paratively purified by reverse-phase HPLC (column: YMC-Pack ODS A-323. 10 x 250 mm, 30% CH 3 CH/0.1% TFA) and 
lyophilized to yield 57 mg (quant) of the titled compound. 



HPLC: Rt=16.68 min (column: Wake Pak C18, 4.6 x 150 mm, 10-100% linear gredient CH 3 CN/0.1% TFA over 30 
min, flow rate 1.0 ml/min) 
FAB-MS: m/z=562 (M+H) + 
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(Example 11) HDA-26;cyclo(-L-Lys(BrAc)-L-Phe-L-Ph&-D-Pro-) 

[0084] The process for the synthesis of the cyclic tetrapeptide HDA-26; cyclo(-L-Lys(BrAc)-L-Phe-L-Phe-D-Pro-) 
represented by the following formula (XX): 



will be briefly described. 

[0085] Cyclo(-L-Lys-L-Phe-L-Phe-D-Pro-) HCI (50 mg, 90 mmol) obtained by the application of step 10-1 of Exam- 
ple 10 (HDA-6) and bromoacetic acid (19 mg, 0.135 mmol) were dissolved in DMF (1 ml), and TEA (19 ml, 0.135 mmol) 
and DCC (28 mg, 0.135 mmol) were added under ice cooling followed by stirring overnight. After filtering and concen- 
trating, the reaction mixture was redissolved in ethyl acetate and washed sequentially with 1 0% citric acid, 4% NaHC0 3 
and with aqueous saturated sodium chloride. After drying over anhydrous MgS0 4 and concentrating, the residue was 
purified by silica gel chromatography to yield 36 mg (62%) of the titled compound as an oily material. 

HPLC: Rt=17.62 min (column: Vvato Pak C18, 4.6 x 150 mm, 10-100% linear gredient CH3CN/0.1% TFA over 30 

min, flow rate 1 .0 ml/min) 

FAB- MS: m/z=640 (M+H) + , 642 (M+3) + 

(Example 12) HDA-34; cyclo(-L-Qlu(Gly-NHOH)-D-Tyr(Me)-L-lle-D-Pro-) 

[0086] The process for the synthesis of the cyclic tetrapeptide HDA-34; cyclo(-L-Glu(Qly-NHOH)-D-Tyr(Me)-L-lle- 
D-Pro-) represented by the following formula (XXI): 




(XX) 



NH 




Br 
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will be briefly described. 

25 

Step 12-1 Boc-L-Glu-OAII 

[0087] To a solution of Boc-L-Glu-OH (2.47 g, 10.0 mmol) in THF (20 ml), DCC (2.27 g, 1 1.0 mmol) was added 
under ice cooling, followed by stirring for 2 hours. The reaction mixture was filtered and ally! alcohol (1.02 ml, 20.0 
30 mmol) and dicyclohexylamine (2.39 ml, 12.0 mmol) were added to the filtrate, followed by stirring overnight. The reac- 
tion mixture was concentrated and washed with ether-petroleum ether to yield 3.90 g (83%) of the titled compound as 
a white powdery material. 

Rf=0.74 (CHCIa/MeOH/acetic acid=90/1 0/0.2) 



Step 12-2 Boc-L-Glu(Gty-OBzl)-OAII 

[0088] Boc-L-Glu-OAII DCHA (1 .62 g, 3.45 mmol) obtained in step 1 2-1 was dissolved in ethyl acetate (200 ml) and 
washed sequentially with 10% citric acid and then with aqueous saturated sodium chloride. By drying over anhydrous 

40 MgS04 and concentrating, Boc-L-Glu-OAII was obtained. 

[0089] Boc-L-Glu-OAII(630 mg, 2.19 mmol), H-Gly-OBzl TosOH(739 mg, 2.19 mmol and HOBt H 2 0 (34 mg, 0.22 
mmol) were dissolved in DMF (10 ml), and TEA (0.31 ml, 2.19 mmol) and DCC (543 mg, 2.63 mmol) were added under 
ice cooling, followed by stirring overnight at room temperature. After filtering and concentrating, the reaction mixture 
was redissolved in ethyl acetate and washed sequentially with 10% citric acid, 4% NaHC0 3 and aqueous saturated 

46 sodium chloride. After drying over anhydrous MgS0 4 and concentrating, purification was effected by flash silica gel 
chromatography (1% MeOH/CHCIs) to yield 343 mg (46%) of the titled compound as an oily material. 

HPLC: Rt=23.75 min (column: Wako Pak C18, 4.6 x 150 mm. 10-100% linear gredient CH 3 CN/0.1% TFA over 30 
min, flow rate 1.0 ml/min) 



Step 12-3 Boc-L-lle-D-Pro-OBzl 

[0090] Boc-L-lle-OH 1/2 H 2 0 (1.13 g. 4.7 mmol), H-D-Pro-OBzl HCI (1.14g, 4.7 mmol) and HOBt H 2 0 (72 mg, 0.47 
mmol) were dissolved in DMF (10 ml), and TEA (0.66 ml, 4.7 mmol) and DCC (1 .16 g, 5.64 mmol) were added under 
55 ice cooling, followed by stirring overnight at room temperature. After filtering and concentrating, the reaction mixture 
was redissolved in ethyl acetate and washed sequentially with 10% citric acid, 4% NaHC0 3 and aqueous saturated 
sodium chloride. After drying over anhydrous MgS0 4 and concentrating, purification was effected by flash silica gel 
chromatography (1 % MeOH/CHCI 3 ) to yield 1 .76 g (89%) of the titled compound as an oily material. 
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Rf=0.32 (CHCl3/MeOH=49/1) 
Step 12-4 Boc-D-Tyr(Me)-L-lle-D-Pro-OBzl 

5 [0091] The compound Boc-L-lle-D-Pro-OBzl (967 mg, 2.31 mmol) obtained in step 12-3 was dissolved in dioxane 
(1 2 ml) and 4N HCI/dioxane (1 2 ml) was added and the mixture was allowed to stand at room temperature for 1 .5 hours. 
The reaction mixture was concentrated and diethyl ether/petroleum ether (1/3) was added to the residue followed by 
decantation to yield H-L-lle-D-Pro-OBzl (745 mg, 91%). 

[0092] This product was dissolved in DMF (10 ml) and Boc-D-Tyr(Me)-OH (620 mg, 2.10 mmol) and HOBt H 2 0 
10 (322 mg, 2.10 mmol) were added. Further, TEA (0.63 ml, 4.53 mmol) and BOP (1 .05 g, 2.36 mmol) were added under 
ice cooling, followed by stirring for 2 hours. After being concentrated, the reaction mixture was redissolved in ethyl ace- 
tate and washed sequentially with 10% citric acid, 4% NaHC0 3 and aqueous saturated sodium chloride. After drying 
over anhydrous MgS0 4 and concentrating, a crude peptide was purified by flash silica gel chromatography (1% 
MeOH/CHCI 3 ) to yield 881 mg (72%) of the titled compound as an oily material. 

is 

HPLC: Rt=21.87 min (column: Wako Pak C18, 4.6 x 150 mm, 37-100% linear gradient CH3CNy0.1% TFA over 30 
min, flow rate 1.0 ml/min) 

Step 12-5 Boc-D-Tyr(Me)-L-lle-D-Pro-OH 

20 

[0093] The compound Boc-D-Tyr(Me)-L-lle-D-Pro-OBzl (881 mg, 1 .44 mmol) obtained in step 12-4 was dissolved 
in MeOH (5 ml) and stirred under hydrogen atmosphere overnight using 5% Pd/C (70 mg). The reaction mixture was 
filtered and concentrated to yield the titled compound. 

25 Rf=0.69 (CHCl3/MeOH/acetic acid=90/1 0/2) 

Step 12-6 Boc-D-Tyr(Me)-L-lle-D-Pro-L-Glu(Gly-OBzl)-OAII 

[0094] The compound Boc-L-Glu(Gly-OBzl)-OAII (200 mg, 0.46 mmol) obtained in step 12-2 was dissolved in diox- 
30 ane (3 ml) and 4N HCI/dioxane (3 ml) was added and the mixture was allowed to stand at room temperature for 1 .5 
hours. The reaction mixture was concentrated and diethyl ether/petroleum ether (1/3) was added to the residue, fol- 
lowed by decantation to yield H-L-Glu(GlyOBzl)-OAll HCI (171 mg, quant). 

[0095] This product was dissolved in DMF (5 ml) and Boc-D-Tyr(Me)-L-lle-D-Pro-OH (233 mg, 0.46 mmol) and 
HOBt H 2 0 (70 mg, 0.46 mmol) were added. Further, TEA (0.17 ml, 1.20 mmol) and BOP (305 mg, 0.69 mmol) were 
as added under ice cooling, followed by stirring overnight. After concentrating, the reaction mixture was redissolved in ethyl 
acetate and washed sequentially with 10% citric acid, 4% NaHC0 3 and aqueous saturated sodium chloride. After dry- 
ing over anhydrous MgSO* and concentrating, a crude peptide was purified by flash silica gel chromatography (2% 
MeOH/CHCI 3 ) to yield 300 mg (79%) of the titled compound as an oily material. 

40 HPLC: Rt=20.99 min (column: Wako Pak C18, 4.6 x 150 mm, 37-100% linear gradient CH3CN/0.1% TFA over 30 
min, flow rate 1.0 ml/min) FAB-MS: m/z=822 (M+H) + 

Step 12-7 cyclo(-L-Olu(Oly-NHOH)-D-Tyr(Me)-L-lle-D-Pro-) 

45 [0096] Boc-D-Tyr(Me)-L-lle-D-Pro-L-Glu(Gly-OBzl)-OAII (300 mg, 0.37 mmol) obtained in step 12-6 was dissolved 
in CHCI 3 /acetic acid/N-methylmorpholine (37/2/1) (1 1 ml) and the environment in the reaction vessel was replaced with 
Ar gas. Pd(0)(PPh 3 ) 4 (1 .27 g, 1 .1 mmol) was added and the mixture was stirred overnight under Ar atmosphere. After 
concentrating, the reaction mixture was redissolved in ethyl acetate and washed sequentially with 10% citric acid and 
saturated aqueous sodium chloride solution. After drying over anhydrous MgS04, concentration was effected to yield 

60 Boc-D-Tyr(Me)-L-lle-D-Pro-L-au(Gly-OBzl)-OH. 

[0097] Subsequently, by applying the procedure consisting of steps 1 -4 to 1 -7 of Example 1 (HDA-5), deprotection, 
cyclization and conversion of the side chain carboxylic acid into hydroxamic acid structure (hydroxyaminocarbonyi 
structure) were carried out to yield the titled cyclic tetrapeptide. 

55 HPLC: Rt=15.55 min (column: Wako Pak C18, 4.6 x 150 mm, 10-100% linear gradient CH3CN/0.1% TFA over 30 
min, flow rate 1.0 ml/min) 
FAB-MS: m/z=589 (M+H)+ 
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(Example 13) HDA-35; cyclo(-L-Glu(b-Ala-NHOH)-D-Tyr(Me)-L-lle-D-Pro-) 

[0098] To synthesize the titled cyclic tetrapeptide HDA-35; cyclo(-L-Glu(b-Ala-NHOH)-D-Tyr(Me)-L-lle-D-Pro-) rep- 
resented by the following formula (XXII): 

5 
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HN 



30 The procedure described in step 1 2-2 of Example 1 2 was applied to prepared Boc-L-Qlu(b-Ala-OBzl)-Oall and then the 
procedure consisting of steps 12-3 to 12-7 was applied to yield said cyclic tetrapeptide. 

HPLC: Rt=15.28 min (column: Wako Pak C18, 4.6 x 150 mm, 10-100% linear gredient CH 3 CN/0.1% TFA over 30 
min, flow rate 1.0 ml/min) 
35 FAB-MS: m/z=603 (M+H) + 

(Reference Example 2) Synthesis of HDA-7; cyclo(-L-Lys(Ac)-L-Phe-L-Phe-D-Pro-)2 

[0099] Tne titled cyclic octapeptide HDA-7 in which the same amino acid sequence as in HDA-6 of Example 10 is 
40 repeated was obtained from Boc-L-Lys(Z)-L-Phe-L-Phe-D-Pro-OtBu obtained by an intermediate step In step 10-1 of 
Example 10 (HDA-6) corresponding to step 1-3 of Example 1 , said intermediate product being subsequently treated by 
a similar procedure. 

HPLC: Rt=16.10 min (column: MS GEL C18, 4.6 x 150 mm, 10-100% linear gredient CH 3 CN/0.1% TFA over 30 
45 min, flow rate 1 .0 ml/min) 

FAB-MS: m/z- 1124 (M+H) + 

(Reference Example 3) Synthesis of HDA-14; cyclo(-L-Asu(NHOH)-D-Tyr(Me)-L-lle-L-Pro-)2 

go [0100] Tne titled cyclic octapeptide HDA-14 in which the same amino acid sequence as in HDA-30 of Example 18 
to be mentioned below is repeated was obtained through preparation of Boc-L-Asu(NHOH)-D-Tyr(Me)-L-lle-L-Pro-OtBu 
by applying the procedure of Example 1 (HDA-5). 

HPLC: Rt=20.59 min (column: Wako Pak C18, 4.6 x 150 mm, 10-100% linear gredient CH 3 CN/0.1% TFA over 30 
55 min, flow rate 1.0 ml/min) 

FAB-MS: m/z=1170 (M+Na) + 
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(Example 14) HDA-38; cyclo(-L-teu(NHOH)-D-Phe-L-Phe-L-Pro-) 

[0101] The process for the synthesis of the cyclic tetrapeptide HDA-38; cyclo(-L-Asu(NHOH)-D-Phe-L-Phe-L-Pro-) 
represented by the following formula (XXIII): 

5 




so will be briefly described. 

Step 14-1 cyclo(-L-Asu(OBzl)-D-Phe-L-Phe-L-Pro-) 

[0102] Boc-L-Asu(OBzl)-OH (380 mg, 1 .0 mmol) and an oxime resin (OxR, 1 .0 g) were condensed using DCC (206 
35 mg, 1.0 mmol) in DCM (15 ml). Introduction rate: 0.47 mmol/g resin. Using 1 g of this resin, Boc-L-Pro-OH, Boc-L-Phe- 
OH and Boc-D-Phe-OH were sequentially condensed in a conventional manner for solid phase synthesis by Boc-strat- 
egy to yield Boc-D-Phe-L-Phe-L-Pro-L-Asu(OBzl)-OxR. Then, after removal of Boc, 2 equivalent amounts each of ace- 
tic acid (57 ml, 1.0 mmol) and DIEA (0.15 ml, 1.0 mmol) were added to a DMF (15 ml) suspension and the reaction 
vessel was shaken for 20 hours. The reaction mixture was filtered and concentrated, and water was added to the rest- 
40 due to solidify it. Thus, 1 1 0 mg (38%) of the titled cyclic tetrapeptide compound was obtained as a white powdery mae- 
rial. 

HPLC: Rt=15.72 min (column: Wako Pak C4, 4.6 x 150 mm, 37-100% linear gredient CH 3 CN/0.1% TFA over 30 
min) 

45 

Step 14-2 cyclo(-L-Asu(NHOH)-D-Phe-L-Phe-L-Pro-) 

[0103] Subsequently, catalytic reduction in DMF and subsequent condensation with hydroxy! amine were effected 
in a similar procedure to steps 1 -6 and 1 -7 in the preparation process of Example 1 (HDA-5). The reaction mixture was 
so concentrated, dissolved in DMSO, preparatively purified by reverse-phase HPLC (column: YMC-Pack ODS A-323, 10 
x 250 mm, 36% CH 3 CN/0.1% TFA), and lyophilized to yield 9 mg (10%) of the titled compound. 

HPLC: Rt=16.94 min (column: MS GEL C16. 4.6 x 150 mm, 10-100% linear gredient CH 3 CN/0.1% TFA over 30 
min) 

56 FAB-MS: m/z=578 (M+H) + 
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(Example 15) HDA-37; cyclo(-L-Asu(NHOH)-D-Pro-L-Phe-D-Phe-) 

[0104] The cyclic tetrapeptide HDA-37; cyclo(-L-Asu(NHOH)-D-Pro-L-Phe-D-Phe-) represented by the following 
formula (XXIV): 




was synthesized starting from Boc-L-Phe-OxR according to the procedure described in Example 14. 

HPLC: Rt=17.65 min (column: MS GEL C18, 4.6 x 150 mm, 10-100% linear gredient CH 3 CN/0.1% TFA over 30 
min, flow rate 1.0 ml/min) 
FAB-MS: m/z=578 (M+H) + 

(Example 16) HDA-39; cyclo(-L-Asu(NHOH)-L-Phe-D-Phe-L-Pro-) 

[0105] The cyclic tetrapeptide HDA-39; cyclo(-L-Asu(NHOH)-L-Phe-D-Phe-L-Pro-) represented by the following 
formula (XXV): 
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was synthesized starting from Boc-L-Asu(OBz1)-OxR according to the procedure described in Example 14. 

HPLC: Rt=16.16 min (column: Wako PakC18, 4.6 x 150 mm, 10-100% linear gradient CH3CN/0.1% TFA over 30 
min, flow rate 1.0 ml/min) 
FAB-MS: m/z=578 (M+H)+ 

(Example 17) HDA-40; cyclo(-L-Asu(NHOH)-L-Phe-L-Phe-Sar-) 

[0106] The cyclic tetrapeptide HDA-40; cyclo(-L-Asu(NHOH)-L-Phe-L-Phe-Sar-) represented by the following for- 
mula (XXVI): 
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was synthesized starting from Boc-L-Asu(OBzl)-OxR according to the procedures described in Example 14. 

HPLC: Rt=15.86 min (column: Wako Pak C18. 4.6 x 150 mm, 10-100% linear gradient CH 3 CN/0.1% TFA over 30 
min, flow rate 1.0 ml/min) 
FAB-MS: nVz=552 (M+H)* 

(Example 18) HDA-30; cyclo(-L-Asu(NHOH)-D-Tyr(Me)-L-lle-L-Pro-) 

[0107] The process for the synthesis of the cyclic tetrapeptide HDA-30; cyclo(-L-Asu(NHOH)-D-Tyr(Me)-L-lle-L- 
Pro-) represented by the following formula (XXVII): 
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will be briefly described. 

Step 18-1 Boc-L-lle-L-Pro-L-Asu(OBzl).D-Tyr(Me)-OH 

[0108] Boc-L-Tyr(Me)-OH(591 mg p 2.0 mmol) and an oxime resin (OxR, 2.0 g) were condensed using DCC (412 
mg, 2.0 mmol) in toluene (30 ml). Introduction rate: 0.36 mmol/g resin. Using 1 g of this resin, Boc-L-Asu(OBzl)-OH, 
Boc-L-Pro-OH and Boc-L-lle-OH were sequentially condensed in a conventional manner for solid phase synthesis by 
Boc-strategy to yield Boc-L-lle-L-Pro-L-Asu(OBzl)-D-Tyr(Me)-OxR. Then, 1 -hydroxypiperidine (182 mg, 1.80 mmol) 
was added to a suspension in DMF (15 ml) and the reaction vessel was shaken for 24 hours. The reaction mixture was 
filtered, concentrated, and dissolved in acetic acid (7 ml) and Na 2 S 2 0 4 (312 mg, 1.80 mmol) was added, followed by 
stirring for 1 hour. After concentrating, the reaction mixture was redissolved in ethyl acetate and washed with sequen- 
tially with 10% citric acid and aqueous saturated sodium chloride. Drying over anhydrous MgS0 4 and concentrating 
yielded 368 mg (quant) of the titled chained tetrapeptide compound as an oily material. 

HPLC: Rt=17.45 min (column: Wako Pak C4, 4.6 x 150 mm, 37-100% linear gredient CH 3 CN/0.1% TFA over 30 
min) 

Step 18-2 H-L-lle-L-Pro-L-Asu(OBzl)-D-Tyr(Me)-OH TFA 

[0109] To the compound Boc-L-lle-L-Pro-L-Asu(OBzl)-D-Tyr(lv1e)-OH (368 mg, 0.48 mmol) obtained in step 18-1 , 
TFA (3 ml) was added under ice cooling and the mixture was allowed to stand for 30 minutes. The reaction mixture was 
concentrated and diethyl ether/petroleum ether was added to the residue to solidify it. Thus, 338 mg (90%) of the titled 
compound was obtained as a white powdery material. 

> 

Step 18-3 cyclo(-L-Asu(NHOH)-D-Tyr(Me)-L-lle-L-Pro-) 

[0110] Subsequently, by applying the procedure consisting of steps 1-5 to 1-7 of Example 1 (HDA-5), cyclization 
and conversion of the side chain carboxylic acid into hydroxamic acid structure (hydroxyaminocarbonyl structure) were 
carried out to yield the titled cyclic tetrapeptide. 

HPLC: Rt=17.18 min (column: Wako Pak C18, 4.6 x 150 mm, 10-100% linear gredient CH 3 CN/0.1% TFA over 30 
min, flow rate 1.0 ml/mi n) 
FAB-MS: m/z=574 (M+H) + 
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(Example 19) HDA-28; cyclo(-L-Asu(NHOH)-D-Phe-L-Leu-L-Pro-) 

[01 1 1 1 The cyclic tetrapeptide HDA-28; cyclo(-L-Asu(NHOH)-D-Phe-L-Leu-L-Pro-) represented by the following for- 
mula (XXVIII): 




was synthesized starting from Boc-D-Phe-OxR according to the procedure described in Example 18. 

HPLC: Rt=17.50 min (column: Wako Pak C18, 4.6 x 150 mm, 10-100% linear gredient CH 3 CN/0.1% TFA over 30 
min, flow rate 1 .0 ml/min) 
FAB-MS: m/z=544 (M+H)+ 

(Example 20) HDA-27; cyclo(-L-Asu(NHOH)-D-Phe-L-Phe-D-Pro-) 

[0112] 7Jie cyclic tetrapeptide HDA-27; cyc!o(-L-Asu(NHOH)-D-Phe-L-Phe-D-Pro-) represented by the following 
formula (XXIX): 
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was synthesized starting from Boc-D-Phe-OxR according to the procedure described in Example 18. 

HPLC: Rt=19.35 min (column: Wako Pak C18. 4.6 x 150 mm, 10-100% linear gredient CH3CN/0.1% TFA over 30 
min, flow rate 1.0 ml/min) 
FAB-MS: m/z=578 (M+H) + 

(Example 21) HDA-31; cyclo(-L-Asu(NHOH)-D-Tyr(Me)-L-lle-D-Pro-) 

[0113] The cyclic tetrapeptide HDA-31; cyclo(-L-Asu(NHOH)-D-Tyr{Me)-L-lle-D-Pro-) represented by the following 
formula (XXX): 
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was synthesized starting from Boc-D-Tyr(Me)-OxR according to the procedure described in Example 18. 

HPLC: Rt=18.63 min (column: Wako Pak C18, 4.6 x 150 mm, 10-100% linear gredient CH 3 CN/0.1% TFA over 30 
min, flow rate 1.0 ml/mi n) 
FAB-MS: m/z=574 (M+H) + 

(Example 22) HDA-29; cydo(-L-Asu(NHOH)-D-Phe-L-Leu-D-Pro-) 

[0114J The cyclic tetrapeptide HDA-29; cyclo(-L-Asu(NHOH)-D-Phe-L-Leu-D-Pro-) represented by the following 
formula (XXXI): 
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was synthesized starting from Boc-D-Phe-OxR according to the procedure described in Example 18. 

HPLC: Rt=17.88 min (column: Wako Pak C18, 4.6 x 150 mm, 10-100% linear gredient TFA over 30 

min, flow rate 1.0 ml/min) 
5 FAB-MS: m/z=544 (M+H) + 

(Example 23) HDA-30; cyclo(-L-Asu(NHOH)-D-Tyr(Me)-L-lle-L-Pro-) 

[011 5] An alternative process for the synthesis of the cyclic tetrapeptide HDA-30; cydo(-L-Asu(NHOH)-D-Tyr(Me)- 
70 L'-lle-L-Pro-) represented by the following formula (XXVII): 



15 



20 



2$ 



30 




(xxvn) 



35 will be briefly described. 

Step 23-1 Boc-L-Asu(OBzl)-OTme 

[0116] To a solution of Boc-L-Asu(OBzl)-OH (2.38 g, 6.27 mmol) and trimethylsilyiethanol (1.79 ml, 12.53 mol) in 
40 DCM (12 ml). 4-dimethylaminopyridine (76 mg, 0.63 mmol) and DCC (1 .55g, 7.52 mmol) were added under ice cooling 
followed by stirring overnight. The reaction mixture was filtered, concentrated, redissolved in ethyl acetate and washed 
sequentially with 10% citric acid, 4% NaHCC>3 and aqueous saturated sodium chloride. After drying over anhydrous 
MgSC>4 and concentrating, the residue was purified by flash silica gel chromatography (ethyl acetate/hexane=1/4) to 
yield 3.18 g (quant) of the titled compound as an oily material. 

45 

Rf-0.50 (ethyl acetate/hexane-1/4) 
Step 23-2 Boc-L-Asu-OTme 

50 [0117] The compound Boc-L-Asu(OBzl)-OTme (1.55 g, 3.13 mmol) obtained in step 23-1 was dissolved in THF (6 
ml) and stined under hydrogen atmosphere for 3 hours in the presence of 5% Pd/C (200 mg). The reaction mixture was 
filtered and concentrated to yield 1 .41 g (quant) of the titled compound as an oily material. 

Rf=0.38 (CHCl3/MeOH/acetic acid= 19/1/0.2) 

55 

Step 23-3 cyclo(-L-Asu(NHOH)-D-Tyr(Me)-L-lle-L-Pro-) 

[0118] Boc-L-Asu-OTme (1.30 g, 3.32 mmol) obtained in step 23-2 and an oxime resin (3.32 g) were condensed 
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using DCC (685 mg, 3.32 mmol) in DCM (50 ml) to yield Boc-L-Asu(OxR)-OTme. Introduction rate: 0.38 mmol/g resin. 
Using 350 mg (0.13 mmol) of this resin, Boc-L-Pro-OH, Boc-L-lle-OH and Boc-D-Tyr(Me)-OH were sequentially con- 
densed in a conventional manner for solid phase synthesis by Boc-strategy to yield Boc-D-Tyr(Me)-L-lle-L-Pro-L- 
Asu(OxR)-OTme. 

5 [01191 Then, 400 mg of the peptide carrying resin was suspended in DMF (6 ml) and a THF solution (0.76 ml) of 
1M tetrabutylammonium fluoride was added with a syringe, followed by shaking at room temperature for 30 minutes to 
remove Tme groups. Further, Boc groups were removed in DCM. After resuspension in DMF (6 ml), BOP (1 76 mg, 0.39 
mmol), HOBt H 2 0 (82 mg, 0.52 mmol) and DIEA (93 ml, 0.52 mmol) were added and cyclizing reaction was carried out 
for 2 hours on the resin. After washing with DMF, cyclo(-D-Tyr(Me)-L-lle-L-Prc~L-Asu(OxR)-) wa6 suspended in DMF (6 

w ml). Hydroxylamine hydrochloride (46 mg, 0.65 mmol), DIEA (0.12 ml, 0.65 mmol) and acetic acid (40 ml, 0.65 mmol) 
were added and the mixture was shaken overnight to eliminate cyclic tetrapeptide hydroxamic acid. The reaction mix- 
ture was filtered, concentrated, dissolved in DMF, preparatively purified by reverse-phase HPLC (column: YMC-Pack 
ODS A-323, 10 x 250 mm, 32% CH 3 CN/0.1% TFA), and lyophilized to yield 37 mg (50%) of the titled compound. 

13 HPLC: Rt=17.18 min (column: Wako Pak C18, 4.6 x 150 mm, 10-100% linear gredient CH 3 CN/0.1% TFA over 30 
min, flow rate 1 .0 ml/min) 
FAB-MS: m/z=574 (M+H) + 

(Example 24) HDA-49; cyclo(-L-Asu(NHOH)-D-Tyr(Me)-L-lle-L-Pip-) 

20 

[0120] The process for the synthesis of the titled cyclic tetrapeptide HDA-49 represented by the following formula 
(XXXII): 



25 



30 



35 



40 




(XXXII) 



will be briefly described. 

[0121] Starting from Boc-D-Tyr(Me)-OxR, Boc-L-lle-L-Pip-L-Asu(OBzl)-D-Tyr(Me)-OxR was prepared in a conven- 
tional manner for solid phase synthesis. However, double coupling using HATU was done for the condensation of Boc- 
so L-lle-OH. Subsequently, cyclization and conversion of the side chain carboxylic acid to hydroxamic acid structure were 
carried out according to the procedure of Example 18 for HDA-30; cyclo(-L-Asu(NHOH)-D-Tyr(Me)-L-lle-L-Pro-). 

HPLC: Rt=17.94 min (column: Wako Pak C18, 4.6 x 1 50 mm, 10-100% linear gredient CH 3 CN/0.1% TFA over 30 
min, flow rate 1 .0 ml/min) 
55 FAB-MS: m/z=588 (M+H) + 
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(Example 25) HDA-50; cyclo(-L-Asu(NHOH)-D-Tyr(Me)-L-lle-D-Pip-) 

[0122] The process for the synthesis of the titled cyclic tetrapeptide HDA-50 represented by the following formula 
(XXXIII): 




will be briefly described. 

[0123] Starting from Boc-D-Tyr(Me)-OxR, Boc-L-lle-D-Pip-L-Asu(OBzl)-D-Tyr(Me)-OxR was prepared in a conven- 
tional manner for solid phase synthesis. However, double coupling using HATU was done for the condensation of Boc- 
L-lle-OH. Subsequently, cyclization and conversion of the side chain carboxylic acid to hydroxamic acid structure were 
carried out according to the procedure of Example 1 8 for HDA-30; cyclo(-L-Asu(NHOH)-D-Tyr(Me)-L-lle-L-Pro-) to yield 
the titled cyclic tetrapeptide HDA-50. 

HPLC: Rt=20.15 min (column: Wako Pak C18, 4.6 x 150 mm, 10-100% linear gradient CH3CN/0.1% TFA over 30 
min, flow rate 1.0 ml/min) 
FAB-MS: m/z=588 (M+H) + 

(Example 26) HDA-51; cyclo(-L-Asu(NHOH)-D-Tyr(Me)-L-lle-L-Tic-) 
(Tic: 1 ,2,3,4-tetrahydroisoquinoline-3-carboxylic acid) 

[0124] The process for the synthesis of the titled cyclic tetrapeptide HDA-51 represented by the following formula 
(XXXIV): 
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25 will be briefly described. 

[0125] Starting from Boc-D-Tyr(Me)-OxR, Boc-L-lle-L-Tic-L-Asu(OBzl)-D-Tyr(Me)-OxR was prepared in a conven- 
tional manner for solid phase synthesis. However, double coupling using HATU was done for the condensation of Boc- 
L-lle-OH. Subsequently, cyclization and conversion of the side chain carboxylic acid to hydroxamic acid structure were 
carried out according to the procedure of Example 18 for HDA-30; cyclo(-L-Asu(NHOH)-D-Tyr(Me)-L-lle-L-Pro-) to yield 
30 the titled cyclic tetrapeptide HDA-51 . 

HPLC: Rt=18.48 min (column: Wako Pak C18, 4.6 x 150 mm, 10-100% linear gredient CH 3 CN/0.1% TFA over 30 
min, flow rate 1 .0 ml/min) 
FAB-MS: m/z=636 (M+H) + 



(Example 27) HDA-52; cycl0(-L-Asu(NHOH)-D-Tyr(Me)-L-lle-D-Tic-) 

[0126] "me process tor the synthesis of the titled cyclic tetrapeptide HDA-52 represented by the following formula 
(XXXV): 
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will be briefly described. 

[0127] Starting from Boc-D-Tyr(Me)-OxR, Boc-L-lle-D-Tic-L-Asu(OBzl)-D-Tyr(Me)-OxR was prepared in a conven- 
tional manner for solid phase synthesis. However, double coupling using HATU was done for the condensation of Boc- 
L-lle-OH. Subsequently, cyclization and conversion of the side chain carboxylic acid to hydroxamic acid structure were 
carried out according to the procedure of Example 1 8 for HDA-30; cyclo(-L-Asu(NHOH)-D-Tyr(Me)-L-lle-L-Pro-) to yield 
the titled cyclic tetrapeptide HDA-52. 

HPLC: Rt=20.78 min (column: Wako Pak C18, 4.6 x 150 mm, 10-100% linear gredient CH3CNyo.1% TFA over 30 
min, flow rate 1.0 ml/min) 
FAB-MS: m/z=636 (M+H) + 

(Example 28) HDA-53: cyclo(-L-Asu(NHOH)-D-Phe-L-Leu-L-Pip-) 

[0128] The process for the synthesis of the titled cyclic tetrapeptide HDA-53 represented by the following formula 
(XXXVI): 
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25 



will be briefly described. 

[0129] Starting from Boc-D-Phe-OxR, Boc-L-Leu-L-Pip-L-Asu(OBzl)-D-Phe-OxR was prepared in a conventional 
manner for solid phase synthesis. However, double coupling using HATU was done tor the condensation of Boc-L-Leu- 
OH. Subsequently, cyclization and conversion of the side chain carboxylic acid to hydroxamic acid structure were car- 
30 ried out according to the procedure of Example 1 8 for HDA-30; cyclo(-L-Asu(NHOH)-D-Tyr(l\/le)-L-lle-L-Pro-) to yield the 
titled cyclic tetrapeptide HDA-53. 

HPLC: Rt=18.26 min (column: Wako Pak C18, 4.6 x 150 mm, 10-100% linear gredient CH 3 CN/0.1% TFA over 30 
min, flow rate 1.0 ml/min) 
35 FAB-MS: m/z=558 (M+H) + 

(Example 29) HDA-42; cyclo(-L-Api(NHOH)-D-Tyr(Me)-L-lle-D-Pro-) 

[0130] The process for the synthesis of the titled cyclic tetrapeptide HDA-42 represented by the following formula 
40 (XXXVII): 
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will be briefly described. 

[0131] Starting from Boc-L-Api(OBzl)-OxR, cyclization and conversion of the side chain carboxylic acid to 

hydroxamic acid structure were carried out according to the procedure of Example 14 for HDA-38; cydo(-L- 
Asu(NHOH)-D-Phe-L-Phe-L-Pro-) to yield the titled cyclic tetrapeptide HDA-42. 

HPLC: Rt=17.67 min (column: Wako PakC18, 4.6 x 150 mm, 10-100% linear gredient CH 3 CNA).1% TFA over 30 
min, flow rate 1.0 mt/min) 
FAB-MS: m/z=560 (M+H) + 

(Example 30) HDA-43; cyclo(-L-Aaz(NHOH)-D-Tyr(Me)-L-lle-D-Pro-) 



[0132] The process for the synthesis of the titled cyclic tetrapeptide HDA-43 represented by the following formula 
(XXXVIII): 
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will be briefly described. 

[0133] Starting from Boc-L-Aaz(OBzl)-OxR, cydization and conversion of the side chain carboxylic acid to 
hydroxamic acid structure were carried out according to the procedure of Example 14 for HDA-38; cyck>(-L- 
Asu(NHOH)-D-Phe-L-Phe-L-Pro-) to yield the titled cyclic tetrapeptide HDA-43. 

HPLC: Rt=!8.92 min (column: Wako Pak C18, 4.6 x 150 mm, 10-100% linear gredient CH 3 CN/0.1% TFA over 30 
min, flow rate 1.0 ml/min) 
FAB-MS: m/z=588 (M+H) + 

(Example 31) HDA-44; cyclo(-L-Asu(NHOH)-D-Tyr(Me)-L-Ala-D-Pro-) 

[0134] Trie process for the synthesis of the titled cyclic tetrapeptide HDA-44 represented by the following formula 
(XXXIX): 
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will be briefly described. 

25 [0135] Starting from Boc-L-Asu(OBzl)-OxR, cyclization and conversion of the side chain carboxyiic acid to 

hydroxamic acid structure were carried out according to the procedure of Example 14 for HDA-38; cyclo(-L- 
Asu(NHOH)-D-Phe-L-Phe-L-Pro-) to yield the titled cyclic tetrapeptide HDA-44. 

HPLC: Rt=12.89 min (column: Wako Pak C18, 4.6 x 150 mm, 10-100% linear gradient CH 3 CN/0.1% TFA over 30 
30 min, flow rate 1 .0 ml/min) 
FAB-MS: m/z=532 (M+H)+ 

(Example 32) HDA-45; cyclo(-L-Asu(NHOH)-D-Phe-L-Ala-D-Pro-) 

55 [0136] The process for the synthesis of the titled cyclic tetrapeptide HDA-45 represented by the following formula 
(XXXX): 
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will be briefly described. 
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[0137] Starting from Boc-L-Asu(OBzl)-OxR, cyclization and conversion of the side chain carboxylic acid to 
hydroxamic acid structure were carried out according to the procedure of Example 14 for HDA-38; cycto(-L- 
Asu(NHOH)-D-Phe-L-Phe-L-Pro-) to yield the titled cyclic tetrapeptide HDA-45. 

HPLC: Rt=12.91 min (column: Wako Pak C18. 4.6 x 150 mm, 10-100% linear gredient CH 3 CN/0.1% TFA over 30 
min, flow rate 1 .0 ml/min) 
FAB-MS: m/z=544 (M+H)+ 

(Example 33) HDA-46; cyclo(-L-Asu(NHOH)-D-Phe-L-lle-D-Pro-) 

[0138] The process for the synthesis of the titled cyclic tetrapeptide HDA-46 represented by the following formula 
(XXXXI): 



will be briefly described. 

[0139] Starting from Boc-L-Asu(OBzl)-OxR, cyclization and conversion of the side chain carboxylic acid to 
hydroxamic acid structure were carried cut according to the procedure of Example 14 for HDA-38; cyck>(-L- 
Asu(NHOH)-D-Phe-L-Phe-L-Pro-) to yield the titled cyclic tetrapeptide HDA-46. 

HPLC: Rt=18.46 min (column: Wako Pak C18. 4.6 x 150 mm, 10-100% linear gredient CH 3 CN/0.1% TFA over 30 
min, flow rate 1.0 ml/min) 
FAB-MS: m/z=502 (M+H)+ 

(Example 34) Synthesis of HDA-47; cyclo(-L-Asu(NHOH)-D-Naf-L-lle-D-Pro-) (D-Naf: D-1 -naphthytalanine) 

[0140] The process for the synthesis of the titled cyclic tetrapeptide HDA-47 represented by the following formula 
(XXXXI I): 




NH 



/ 



HO 
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NH 



will be briefly described. 

[0141] Starting from Boc-L-Asu(OBzl)-OxR, cyclization and conversion of the side chain carboxylic acid to 
hydroxamic acid structure were carried out according to the procedure of Example 14 for HDA-38; cyclo(-L- 
Asu(NHOH)-D-Phe-L-Phe-L-Pro-) to yield the titled cyclic tetrapeptide HDA-47. 

HPLC: Rt=20.52 min (column: Wako Pak C18 4-6 x 150 mm, 10-100% linear gredient CH 3 CN/0.1% TFA over 30 
min, flow rate 1 .0 ml/min) 
FAB-MS: m/z=594 (M+H)+ 

(Example 35) Synthesis of HDA-48; cyclo(-L-Asu(NHOH)-D-Pya-L-lle-D-Pro-) (D-Pya: D-1-pyrenylalanine) 

[0142] The process for the synthesis of the titled cyclic tetrapeptide HDA-48 represented by the following formula 
(XXXXIII): 
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25 will be briefly described. 

[0143] Starting from Boc-L-Asu(OBzl)-OxR, cyclization and conversion of the side chain carboxylic acid to 
hydroxamic acid structure were carried out according to the procedure of Example 14 for HDA-38; cyck>(-L- 
Asu(NHOH)-D-Phe-L-Phe-L-Pro-) to yield the titled cyclic tetrapeptide HDA-48. 

30 HPLC: Rt=23.56 min (column: Wako Pak C18. 4.6 x 150 mm. 10-100% linear gredient CH 3 CN/0.1% TFA over 30 
min, flow rate 1 .0 ml/min) 
FAB-MS: m/z=667.81 (M+H) + 

(Test Example 1) MHC class-l molecule expression promoting activity 

35 

[0144] The cyclic tetrapeptide derivatives of the present invention were investigated for their MHC class-l molecule 
expression promoting actions in the following test. Thus, in the test, the cyclic tetrapeptide derivatives of the present 
invention were allowed to act on cancer cells and it was demonstrated that they promoted MHC class-l molecule 
expression. 

40 

Test Method: 

[0145] The cancer cells used were mouse melanoma ceils, B16/BL6 cells, provided by, the National Cancer Insti- 
tute, U.S.A. Said cells were cultivated in MEM media supplemented with 10% FBS at 37°C in the presence of 5% car- 

45 bon dioxide in an humidified incubator. 

[0146] A compound to be tested was preliminarily dissolved in dimethyl sulfoxide (DMSO) and adjusted to a con- 
centration of 100 mM or 10 mM (source solution). A commercially available product, trichostatin A (perchased from 
Wako Pure Chemical, Japan) which has been proved to have a histone deacetylase enzyme inhibiting activity, was also 
dissolved in DMSO and adjusted to a concentration of 5 mg/ml (16.54 mM) (source solution). Trichostatin A was used 

so as a positive control compound for MHC class-l molecule expression promoting action due to histone deacetylase 
enzyme inhibiting activity. DMSO used as a solvent for the source solution of a compound to be tested would inevitably 
be introduced into the medium in the test; however, it had been separately confirmed not to affect the test results in 
amounts within the range used in the test. 

[0147] Said B16/BL6 cells were inoculated on 96 well microplate at a cell density of 5000 cells per well, each well 
55 containing 200 p.l of said medium. After 24 hours of cultivation, 1 0 uJ of a sample containing a given amount of the 
source solution of a compound to be tested which had been diluted in the medium was added and cultivated for addi- 
tional 72 hours. Thereafter, each well was once washed with PBS (phosphate buffered saline) and floating cells and the 
medium were removed. Then, the well was treated with 0.1% glutaraldehyde solution for 3 minutes to fix the cells. 
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[0148] The amount of MHC class-l molecule expressed on the surface of the fixed cells was measured by the fol- 
lowing method. Anti-H-2K b D b D d antibody, which is an antibody against mouse MHC class-l molecule commercially 
available from Meiji Milk Co.), Ltd), was used as a primary antibody, biotinylated anti-mouse IgG+M (commercially avail- 
able from Chemicon) was used as a secondary antibody, and streptavidin-p-galactosidase conjugate (commercially 

5 available from BRL) was reacted as a labelling enzyme. The amount of the thus labelled enzyme p-galactosidase was 
measured in a microplate reader by recording the fluorescent intensity (excitation: 365 nm, fluorescence: 450 nm) 
derived from the enzymic reaction product using 4-methylumbelliferyl-p-D-galactoside (commercially available from 
Nacalai Tesque) as a substrate. A fluorescence intensity measured for another well to which no compound to be tested 
was added and which was treated in a similar way without adding said primary antibody was used as a background 

10 level. The value obtained by subtracting said background level from the actually measured value (an apparent value 
including the background level) was the true measurement reflecting the amount of expressed MHC class-l molecule. 
[0149] A group without the addition of any compound to be tested was used as a reference group and the meas- 
urement of MHC class-l molecule expressed in said group was used as a standard value. The amount of MHC class-l 
molecule expressed at a concentration of addition of each test compound is shown as a relative amount, said standard 

15 value taken as one (1). For each compound to be tested, various concentrations of addition were selected to investigate 
the dependency of MHC class-l molecule expression promoting action on the concentration of addition. 
[01 50] Exemplary test results for cyclic tetrapeptide derivatives of the present invention and the positive control tri- 
chostatin A are shown Figs. 3 and 4. In Fig. 3, the result of evaluation on the compound of the aforementioned Refer- 
ence Example 1 is also shown. In addition, three compounds: nicotinic acid, nicotinamide and nicotinic acid 

20 hydroxamate as reference compounds were similarly evaluated and the results are shown in Fig 5. 

[0151] As shown in Figs. 3 and 4, it was confirmed that all of the compound of Example 1 (HDA-5); cyclo(- 
Asu(NHOH)-Phe-Phe-D-Pro-), the compound of Example 2 (HDA-17); cyclo(-Aaz(NHOH)-Phe-Phe-D-Pro-), the com- 
pound of Example 3 (HDA-18); cyclo(-Api(NHOH)-Phe-Phe-D-Pro-), the compound of Example 4 (HDA-12); cyclo(- 
Asu(NHOH)-D-Phe-Leu-Pip-), and the compound of Example 5 (HDA-15); cyclo(-Asu(NHOH)-Aib-Phe-D-Pro-) exhib- 

25 ited MHC class-l molecule expression promoting action. Also, for the positive control trichostatin A, the MHC class-l 
molecule expression promoting action was confirmed as shown in Fig. 4. In particular, it was confirmed that the com- 
pound of Example 4 exhibited MHC class-l molecule expression promoting action even at a concentration of addition 
as low as trichostatin A. On the other hand, low MHC class-l molecule expression promoting action was observed only 
at a high concentration of addition of the compound of Reference Example 1; cyclo(-Asu(NHOH)-Phe-Phe-D-Pro) 2 . 

30 Thus, the compound of Reference Example 1 , which is a cyclic octapeptide derivative having the same structural units 
as the compound of Example 1, has an incomparably lower MHC class-l molecule expression promoting action than 
the compound of Example 1 which is a cyclic tetrapeptide derivative. In other words, it is concluded that although a side 
chain having a hydroxamic acid structure (hydroxyaminocarbonyl structure) at the end is of course important, the cyclic 
tetrapeptide structural portion makes an important contribution to the MHC class-l molecule expression promoting 

55 action. Based on results of these evaluation of the dependence of the aforementioned MHC class-l molecule expres- 
sion promoting action on the concentration of addition, the concentration addition Cx2 at which the expression of MHC 
class-l molecule is twice that achieved without addition was determined. Part of the results is shown in Table 1. 



40 


Table 1 






Compound Tested 


Twice Promoting Con- 
centration C X 2 




Compound of Example 1 (HDA-5) 


135 nM 


45 


Compound of Example 2 (HDA-17) 


1120 nM 




Compound of Example 3 (HDA-18) 


11600 nM 




Compound of Example 4 (HDA-12) 


3.86 nM 


60 


Compound of Example 5 (HDA-15) 


36.2 nM 


Compound of Reference Example 1 (HDA-19) 


>40000 nM 




Trichostatin A 


3.35 nM 



55 [0152] A review of the results with nicotinic acid and its derivatives that are given in Fig. 5 shows that MHC class-l 
molecule expression promoting action is found in the compound having a hydroxamic acid structure (hydroxyaminocar- 
bonyl structure) and this provides a very strong corroboration for the fact that the side chain having a hydroxamic acid 
structure (hydroxyaminocarbonyl structure) at the end is a key to the MHC class-l molecule expression promoting action 



49 



EP1 010 705 A1 



of the cyclic tetrapeptide derivatives according to the present invention. 

[0153] From the comparison between the compounds of Examples 1 to 3, an optimum length of the methylene 
chain in said side chain having a hydroxamic acid structure (hydroxyaminocarbonyl structure) at the end was judged to 
be 5, which corresponded to the results with trapoxin derivatives. Probably, this difference in MHO class-l molecule 

5 expression promoting action due to the difference in the length of methylene chain may be presumed to be attributable 
to the presence of an optimum methylene chain length which depends on the distance between the site on histone 
deacetylase to be bound by the cyclic tetrapeptide portion of the cyclic tetrapeptide derivative of the present invention 
and the enzyme active site when said derivative acts on said enzyme. In addition, from the comparison with the side 
chain on N-acetylated lysine of the substrate, it may be assumed that another contributing factor is that the orientation 

w of the oxygen atom in the carbonyl group at the enzyme active site is reversed depending upon the difference of the 
methylene chain length, more particularly depending upon whether it is odd- or even -numbered. Therefore, in an 
unsaturated hydrocarbon chain like trichostatins, the caronyl group oxygen atom is retained in a more preferable orien- 
tation than in relatively flexible, saturated hydrocarbon chains, probably supplementing the difference of contribution of 
the cyclic tetrapeptide portion. Further, even if the contribution of the cyclic tetrapeptide portion is somewhat poor, those 

is compounds which have an unsaturated hydrocarbon chain similar to the one in trichostatins may well be judged to 
exhibit an excellent overall MHC class-l molecule expression promoting action. 

[0154] Further, similar to the dependence of nicotinic acid hydroxamate upon the concentration of its addtiton as 
shown in Fig. 5, the concentration-dependent increase of the MHC class-l molecule expression promoting activity of the 
cyclic tetrapeptide derivative according to the present invention has an apparent tendency to decrease in a range of 
20 higher concentrations. This phenomenon is interpreted as a result of the onset of inhibition of cell growth due to the 
inhibitory activity on histone deacetylase and the consequent inhibition of increase of the total amount of MHC class-l 
molecule expression. Thus, the inhibitory action on cell growth due to inhibitory activity on histone deacetylase is nota- 
bly found in the higher concentration region. 

[0155] Additionally, cyclic tetrapeptide compounds according to the present invention which were prepared in other 
25 Examples were also evaluated for MHC class-l molecule expression promoting activity. A plurality of assays were per- 
formed and the results on twice expression promoting concentrations are summarized in Table 2. In Table 2, the values 
for HDA-5, 17, 18, 12, 15 and 19 as well as trichostatin A shown in Table 1 are also shown. 
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Table 2 



35 



40 



45 



50 



55 



compounds 


cone, for 2-fold expression (nM) 




mean 


SD 


N 


trichostatin A 


2.81 


1.95 


14 


trichostatinC 


6.88 


0.00 


1 


trapoxin A 


3.59 


0.00 


1 


cyclo(-Aaz(NHOH)-Phe-Phe-D-Pro-) (CHAP 17) 


990 


168 


3 


cyclo(-Api(NHOH)-Phe-Phe-D-Pro-) (CHAP 18) 


10900 


890 


3 


cyclo(-Asu(NHOH)-Phe-Phe-D-Pro-) (CHAPS) 


98.2 


23.3 


11 


cyclo(-Asu(NHOH)-D-Phe-Phe-D-Pro-) (CHAP27) 


3.01 


1.26 


7 


cyclo(-Asu(NHOH)-D-Phe-Phe-Pro-) (CHAP38) 


558 


97 


4 


cyclo(-Asu(NHOH)-Phe-D-Phe-Pro-)(CHAP39) 


65800 


6050 


3 


cyclo(-Asu(NHOH)-Phe-Phe-Sar-) (CHAP40) 


748 


337 


7 


cyclo(-Asu(NHOH)-D-Phe-Phe-Sar-)(CHAP41) 


24.5 


15.6 


3 


cyclo(-Asu(NHOH)-D-Phe-Ala-D-Pro-) (CHAP45) 


23.1 


3.5 


3 


cyclo(-Asu(NHOH)-D-Pro-Phe-D-Phe-) (CHAP37) 


320 


52 


4 


cyclo(-A5u(NHOH)-Phe-Phe-D-Pro-)2 (CHAP 19) 


weak 




3 


cyclo(-Asu(NHOH)-D-Phe-lle-D-Pro-) (CHAP46) 


1.96 


0.53 


3 


cyclo(-Asu(NHOH)-D-Naf-lle-D-Pro-) (CHAP47) 


9.59 


12.17 


9 


cyclo(-Asu(NHOH)-D-Pya-lle-D-Pro-) (CHAP46) 


0.846 


0.956 


4 
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Table 2 (continued) 





compounds 


cone, for 2-fold expression (nM) 






mean 


SD 


N 


5 


cyclo(-Lys(Ac)-Phe-Phe-D.Pro-) (CHAP5-Ac) 


240000 

mma ' ^P ^^^^ 


o 


1 




cyclo(-Lys(Ac)-Phe-Phe-D-Pro-)2 (CHAP5-Ac)2 


75000 


o 


1 




cyclo(-Lys(BrAc)-Phe-Phe-D-Pro-) (CHAP5-BrAc) 


5660 

w w 


o 


1 


10 


cyclo(-Asu(NHOH)-D-Tyr(Me)-lle-Pro-) (CHAP30) 


16.9 


8.2 

>W* 


4 


cyclo(-Asu(NHOH)-D-Tyr(Me)-lle-D-Pro-) (CHAP31) 


1 41 

1 • w I 


0.51 

w* t w 


6 




cyclo(-Api(NHOH)-D-Tyr(Me)-lle-D-Pro-) (CHAP42) 


512 

\w* 1 M 


247 


5 




cyclo(-Aaz(NHOH)-D-Tyr(Me)-lle-D-Pro-) (CHAP43) 


155 


66 


5 


16 


cyclo(-Asu(NHOH)-D-Tyr(Me)-lle-Pip-) (CHAP49) 


5 30 


2 16 


9 




cycl0(-Asu(NHOH)-D-Tyr(Me)-lle-D-Pip-)(CHAP50) 


0 203 


0 099 


7 




cyclo(-Asu(NHOH)-D-Tyr(Me)-lle-Tic-) (CHAP51) 


10 97 

l w» *wf ' 


3 05 


6 


20 


cydo(-Asu(NHOH)-D-Tyr(Me)-lle-D-Tic-) (CHAP52) 


0 191 


0 103 


4 




cyclo(-Asu(NHOH)-D-Tyr(Me)-Ala-D-Pro-) (CHAP44) 


35 00 


4 80 


3 




cyclO(-Asu(NHOH)-D-Tyr(Me)-lle-Pro-)2 (CHAP 14) 


^ 1 VVV/U 




1 
i 




cyclo(-Asu(NHOH)-D-Phe-Leu-Pro-)(CHAP28) 


80 2 


19 6 


4 


25 


cyclo(-Asu(NHOH)-D-Phe-Leu-D-Pro-) (CHAP29) 


5 41 


1 72 

1 . 9 mm* 


4 




cyclo(-Asu(NHOH)-D-Phe-Leu-D-Pip-) (CHAP1 2) 


2 75 


1 44 


5 




cyclo(-Asu(NHOH)-D-Phe-Leu-Pip-) (CHAP53) 


I S/.O 


4 1 


3 


30 


cvclo(-Asu(NHOH)-Lys(Boc)-Phe-D-Pro-) (CHAP32) 


773 


244 


2 




cyclo(-Asu(NHOH)-Trp-Leu-D-Pip-) (CHAP33) 


weak 




2 

mmm 




cyclo(- Asu(NHOH)-D-Pro-Ala-D- Ala-) (CHAP 13) 


HUD 


Ov? 






cvclo(-AsufNHOH)-Aib-Phe-D-Pro-) (CHAP 15) 




ft 7 




$5 


cyclo(-Asu(NHOH)-TrD(CHO)-Leu-D-Pip-) (CHAP 16) 


toxic 




2 




Ac-Asu(NHOH)-NH-Bzl 


2410 


771 


3 




Ph-(CH2)5-CONHOH 


11400 


0 


1 


40 


nicotinic acid hydroxamate 


28000 


0 


2 




benzohydroxamic acid 


35800 


2480 


2 




benzoic acid 


> 200000 




1 




nicotinamide 


>1 000000 




1 


45 


nicotinic acid 


>1 000000 




1 



[0156] Referring to the results of Table 2, the aforementioned suitable selections of configuration of the lour amino 
acid residues constituting the cyclic tetrapeptide of the present invention can be verified by comparison between stere- 

60 oisomers which differ only in their configuration. As an example, if the configuration of HDA-5, where Asu (NHOH) hav- 
ing a hydroxamic acid structure on the side chain which is characteristic of the cyclic tetrapeptide takes the L- 
configuration, is described as LLLD, the first L designating the base Asu (NHOH), isomers HDA-27, 38 and 39 in which 
the constituting amino acids are of the same types as in HDA-5 but the combination of their configuration differs are 
described as LDLD, LOLL and LLDL, respectively. These four stereoisomers HDA-5, 27, 38 and 39 have twice promot- 

55 ing concentrations of 98.2, 3.01 , 558 and 65800 nM, respectively, and the order of the strength of their MHC class- 1 mol- 
ecule expression promoting activities is LDLD > LLLD > LDLL > LLDL. Thus, in a case where Asu(NHOH) among the 
amino acid residues constituting the cyclic tetrapeptide takes the L-configuration, the cyclic amino acid residue adjoin- 
ing to Asu(NHOH) preferably takes the D-configu ration and. in addition, it is more preferable that the other amino acid 
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residue adjoining to Asu(NHOH) also takes the D-configuration. Similarly, in the comparisons beween HDA-30 (LDLL) 
and HDA-31 (LDLD), between HDA-28 (LDLL) and HDA-29 (LDLD), between HDA-53 (LDLL) and HDA-12 (LDLD). 
between HDA-40 (LDLL) and HDA-50 (LDLD), and between HDA-51 (LDLL) and HDA-52 (LDLD), the cyclic amino acid 
residue adjoining to the amino acid residue having a hydroxamic acid structure on the side chain preferably takes the 
5 D-configuration and, in addition, it is more preferable that the other adjoining amino acid residue thereto also takes the 
D-configuration. 

[01 57] In the results of evaluation of histone deacetylase inhibitory activity that are shown in Test Example 4, a sim- 
ilar order of inhibitory activities was verified: HDA-27 (LDLD) > HDA-5 (LLLD), HDA-31 (LDLD) > HDA-30 (LLLD), and 
HDA-29 (LDLD) > HDA-28 (LLLD). However, the difference in the histone deacetylase inhibitory activity is not as nota- 

io ble as the difference in the MHC class-l molecule expression promoting activity. 

[0158] To exhibit the MHC class-l molecule expression promoting action, the cyclic tetrapeptide should be trans- 
ported from the outside of a cell into the inside of the cell. Or, it may also be supposed that the maintainance of acetyla- 
tion in the specific lysine contained the acetylated histone is more important. Thus, it may be assumed that factors other 
than the histone deacetylase inhibitory activity, such as the process of transport into a cell, causes the aforementioned 

is difference. 

[0159] However, from these comparisons, it is judged that when the action of interest is particularly on a cell per se, 
the LDLD-type is more satisfactory than LLLD and LDLL which are combinations of configurations found in naturally 
occurring cyclic tetrapeptides that show histone deacetylase inhibitory activity. 

20 (Test Example 2) Inhibitory effect on histone deacetylation 

[01 60] In order to prove that the MHC class-l molecule por meting action of the cyclic tetrapeptide derivative accord- 
ing to the present invention is associated with inhibitory effects on histone deacetylation, the effects of inhibiting the his- 
tone deacetylation in the aforementioned B16/BL6 cells were verified. 

25 

Test Method 

[0161] In a culture flask of 75 ml in capacity, 1 .5 x 10 5 B16/BL6 ceils were inoculated and preliminarily cultured for 
4 days. Then, a given amount of a compound to be tested was added and subsequently cultured for 6 hours. Thereafter, 
30 cells were stripped using 0.25% trypsin enzyme solution, washed once with PBS and stored temporarily at -80°C. 
[0162] From this cell sample, histone was separated from chromatin and collected together with other proteins in a 
conventional manner. The resulting protein sample was subjected to AUTgel electrophoresis in an amount of 1 
Said gel was stained with silver to detect bands separated by the migration. 

[0163] As an example, a comparison between the results on the compound of the aforementioned Example 1 which 
35 was added at 10 u.M, trichostatin A added at 1 jiM, and INF-y added at 100 U/ml is shown in Fig. 6. The result on a con- 
trol group in which no compound to be tested was added is also shown. In Fig. 6, a band of histone H4 is seen in the 
lowermost region; however, a total of 5 discrete bands are clearly seen in this region according to the results of addition 
of trichostatin A and the compound of Example 1. Compared with the no-addition control, three of said 5 bands were 
not seen in the control, indicating that they were N-acetylated hi stones with different degrees of deacetylation. 
40 [0164] Thus, it has been found that like trichostatin A having deacetylase enzyme inhibiting activity, the addition of 
the compound of Example 1 inhibits the deacetylation of histone, causing highly acetylated histones to remain. It has 
been verified that the addition of the cyclic tetrapeptide derivative according to the present invention has an inhibitory 
effect on histone deacetylation and that the MHC class-l molecule expression promoting action is ancillary to the effect. 

45 (Test Example 3) Inhibitory effect on cell proliferation 

[0165] In order to verify the action of the cyclic tetrapeptide derivative according to the present invention in inhibiting 
cell proliferation in cancerized cells, the action on the proliferation of the aforementioned B16/BL6 cells was investi- 
gated. The evaluation of cell proliferation rates was done utilizing a commercially available measuring kit, spefically, 
50 from Promega under the trade name CellTiter 96 Aqueous Non-Radioactive Proliferation Assay Kit. In the measuring 
kit, the amount of products through reduction of a reagent tetrazolium compound (3-(4,5<Jimethylthiazol-2-yl)-5-(3-car- 
boxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt; MTS) by viable animal cells is determined by detect- 
ing spectrophotometrically the oolor generated from the products. Since the amount of products is proportional to the 
amount of viable cells, this kit is utilized to evaluate the amount of viable cells. 

55 

Test Melhod 

[0166] According to the procedure of Test Example 1 , B16/BL6 cells are inoculated in a 96 well microplate and cul- 
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10 



tured for 24 hours. Then, 10 jxl of a solution of the source solution of a compound to be tested which has been diluted 
to a predetermined amount per well is added. Thereafter, culture is continued for additional 48 hours and 20 \i\ of a rea- 
gent solution in the aforementioned CellTrter 96 Aqueous Non- Radioactive Proliferation Assay Kit is then added. After 
incubation is continued at 37 e C for 1 hour, the amount of color generation is measured as an absorbance at 490 nm 
using a microplate reader. 

[0167] The amount of cell proliferation of a group to which a compound to be tested is added is expressed in a rel- 
ative value as compared to the standard cell proliferation (100%) in a control group to which no compound to be tested 
is added. For each compound tested, the amounts of cell proliferation were measured at different concentrations of 
addition and the dependence of the quantitative cell proliferation on the concentration of addition was investigated. 
From the results, a concentration of addition at which the amount of cell proliferation was inhibited by 50% relative to 
the amount of cell proliferation in the control group without addition was determined. 

[0168] Part of the results of evaluation for 50% inhibiting concentrations in the proliferation of the aforementioned 
B1 6/6L6 cells is shown in Table 3, which also shows the result of evaluation on trichostatin A as a positive control which 
has been reported to exhibit cell proliferation inhibiting action on cancer cells. 
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Table 3 



Compound tested 


50% inhibiting concen- 




tration 


Compound of Example 1 (HDA-5) 


210 nM 


Compound of Example 4 (HDA-12) 


12.3 nM 


Compound of Example 5 (HDA-15) 


92.5 nM 


Trichostatin A 


14.3 nM 



[01 69] As seen from Table 3, the cyclic peptide derivatives of the present invention exhibit cell proliferation inhibiting 
action in a concentration region higher than the concentrations at which the promotion of MHC class-l molecule expres- 

30 sion exemplified in Table 1 is achieved. The compound of Example 4 exhibits the cell proliferation inhibiting action at a 
lower concentration than trichostatin A; due to this effect, the apparent amount of promotion tends to saturate in the 
aforementioned results of evaluation of the MHC class-l molecule expression promoting action. 
[01 70] Further, it was verified that the cyclic peptide derivatives of the present invention inhibited the proliferation of 
not only B16/BL6 cell line used in the above test example but also other cancerized cells. The test method was in 

35 accordance with the above mentioned procedure, except that the period of incubation after the addition of a compound 
was 72 hours. 

[0171] As illustrative examples, results are shown for an evaluation using mouse malignant melanoma B16/BL6 
and B16 ceil lines; leukemia L1210 cell line, colon cancer Colon26 cell line, and liver cancer MH134 cell line as cancer 
cells. For the cell proliferation inhibiting action of each compound tested for these cancer cells, 50% proliferation inhib- 
40 iting concentrations are shown in Table 4. Also, the results on trichostatin A are shown in Table 4. 

Table 4 
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[0172] In the range of comparisons shown here, there is also found a coincidence in the order of activities of the 
compounds between the inhibitory effect on cell proliferation and the MHC class-l molecule expression promoting 
action. It has been found that in the inhibitory effect on cell proliferation, the sensitivity of some compounds significantly 
differs with cancer cells species, indicating that the effect does not always coincide quantitatively with the MHC dass-l 
5 molecule expression promoting action. Among the cyclic tetrapeptides of the present invention compared in this exam- 
ple, HDA-31 exhibits significantly higher proliferation inhibiting action than the others, with its IC 50 values against all 
cancer cells tested ranging from several nM to several tens of nM. 

(Test Example 4) Histone deacetylase enzyme inhibiting activity 

w 

[0173] For the purpose of obtaining a proof that the inhibitory effect on histone deacetylaton in the cell lines in the 
aforementioned Test Example 2 was indeed derived from the inhibition of the enzyme activity of histone deacetylase by 
the cyclic tetrapeptide compounds of the present invention, it was verified in the following evaluation that the cyclic 
tetrapeptide compounds of the present invention inhibited the enzyme activity of histone deacetylase in an in vitro sys- 
15 tern. 

Evaluation Method 

[0174] in an enzyme system using a radio-labelled acetylated histone as a substrate, histone deacetylase enzyme 
20 inhibiting activity was evaluated. The basic conditions were in accordance with the method of Yoshida et al. (J. Biol. 
Chem., 2S& 17174-17179, 1990). 

[0175] Mouse histone deacetylase to be used was partially purified from FM3A cells. Cells were suspended in HDA 
buffer (15 mM potassium phosphate, 5% glycerol, 0.2 mM EDTA. pH 7.5), homogenized and centrifuged (35000 x g, 10 
min) to collect the nuclei which in turn were homogenized in the same buffer containing 1 M (NH4) 2 S0 4 . After ultrasonic 
25 disruption and centrifugation, the concentration of (NH 4 ) 2 S04 in the supernatant was increased to 3.5 M to precipitate 
deacetylase enzyme proteins. This precipitate was redissotved in HDA buffer, dialyzed against HDA buffer, applied to 
DEAE-cellulose column and eluted in NaCI gradient. Active fractions were used as a histone deacetylase enzyme solu- 
tion. 

[0176] As a substrate, [ 3 H]acetyl histone was used. In a culture solution of FM3A cells in the presence of 5 mM 
30 sodium n-butyrate, ^H] acetate was added, followed by incubation for 30 minutes to radio-label the histone. The histone 
was prepared in a conventional manner and used as a substrate solution. 

[0177] An assay was performed by adding a compound to be tested at a given concentration while using a no-addi- 
tion control group, and by incubating the substrate solution and the enzyme solution at 37°C for 10 minutes (reaction 
volume, 100 jil). The enzyme reaction was stopped by adding 1 0 \i\ of concentrated hydrochloric acid and the excised 

35 [ 3 H] acetate was extracted with ethyl acetate for radioactivity measurement. The inhibiting activity was expressed by a 
concentration at which the enzyme activity in the control group was inhibited by 50% (50% inhibiting concentration). 
[0178] As seen from Table 5 which shows part of the evaluation results, all cyclic tetrapeptide compounds tested of 
the present invention exhibited histone deacetylase inhibiting activity. Further, the compounds have a side chain 
hydroxamic acid structure, and it was also confirmed that the inhibition on the enzyme histone deacetylase was revers- 

40 ible. 



Table 5 



Effect of histone deacetylase inhibiting substances 




Compound tested 


IC 50 (nM) 




Sodium n-butyrate 


1 1 9,000 




Trapoxin A 


0.47 




Trichostatin A 


1.44 


Example 1 0 


HDA-6 


27,800 


Example 1 


HDA-5 


2.18 


Example 2 


HDA-17 


19.8 


Example 3 


HDA-18 


390 


Example 20 


HDA-27 


1.45 



54 



EP1 010 705 A1 



Table 5 (continued) 





Effect of histone deacetylase inhibiting substances 




Example 19 


HDA-28 


6.04 


5 


Example 22 


HDA-29 


1.59 




Example 23 


HDA-30 


4.90 




Example 21 


HDA-31 


2.08 


10 


Example 9 


HDA-32 


4.95 



[0179] As in the results of evaluation of MHC class-l molecule expression promoting action in the cell line of Test 
Example 1 , if, with in the side chain hydroxamic acid structure characteristic of the cyclic tetrapeptides according to the 
present invention, the ring structure is same, optimal inhibiting activity is obtained with the methylene chain length of 
15 the side chain being 5, as in HDA-5, while both HDA-1 7 having 6 carbon atoms in the chain and HDA-18 having 4 car- 
bon atoms in the chain exhibit lens inhibiting activity than the compound having 5 carbon atoms in the chain although 
their activity is considerably high. This coincidence also leads to a conclusion that the MHC class-l molecule expression 
promoting action of the cyclic tetrapeptides according to the present invention is derived from the histone deacetylase 
inhibiting activity. 

20 

(Test Example 5) 

Histone deacetylase enzyme inhibiting activity (evaluation) using synthetic peptide substrate) 

25 [0180] In the aforementioned Test Example 4, the histone deacetylase enzyme inhibiting activity of the cyclic 
tetrapeptide compounds according to the present invention was evaluated using histone harvested from cells. In order 
to complement the results, the histone deacetylase enzyme inhibiting activity was evaluated again using a synthetic 
peptide substrate. 

30 Test Method 

[0181 ] The preparation of histone deacetylase was performed essentially according to the method of Yoshida et al. 
(J. Biol. Chem., 265.17174-17179, 1990). The enzyme to be used was partially purified from B16/BL6 ceils. The cells 
were suspended in HDA buffer (15 mM potassium phosphate, 5% glycerol. 0.2 mM EDTA, 10% 2-mercaptoethanol, pH 
35 7.5), homogenized and centrifuged (2500 x g, 1 0 min) to collect the nuclei, which in turn were homogenized in the same 
buffer containing 1 M (NH^SO* After ultrasonic disruption and centrifugation, the concentration of (NH 4 ) 2 S0 4 in the 
collected supernatant was increased to 3.5 M to precipitate histone deacetylase. This precipitate was redissolved in 
HDA buffer, subjected to gel filtration to replace the solvent with HDA buffer, and used as a crude histone deacetylase 
enzyme solution. 

40 [0182] As a substrate, a synthetic substrate peptide, [ 3 H]acetylated histone H4 peptide was used. This 
[ 3 H]acetylated histone H4 peptide was obtained by synthesizing the N-terminal peptide of histone H4; SGRGKGG- 
KGLGKGGAKRHRKVC (the C-terminal being cysteine) and radio-acetylaing with 3 H-acetic anhydride. 
[0183] An assay was performed by incubating the synthetic substrate solution and the enzyme solution at 37°C for 
3 hours in the presence of a compound to be tested (reaction volume, 100 jil). The reaction was stopped by adding 25 

45 jjlI of 1 M HCI and 0.2 M acetic acid and [ 3 H]acetate excised by the enzyme reaction was extracted with ethyl acetate 
for radioactivity measurement. As a control group, the same procedure was repeated without addition of any test com- 
pound to the reaction system. The inhibiting activity was expressed by a concentration at which the histone deacetylase 
enzyme activity in the control group was inhibited by 50% (50% inhibiting concentratoin). 

[0184] Part of the evaluation results is shown in Table 6. There is found some inconsistency between the results 
60 using the natural acetylated histone as a substrate and the synthetic substrate. However, it is verified from all results 
that the cyclic tetrapeptides shown in Table 6 are all excellent in histone deacetylase enzyme inhibiting activity. 
[0185] Comparing these results with the MHC class-l molecule expression promoting activity and cell proliferation 
inhibiting action found in the cell level, it has been found that although the cyclic tetrapeptides having higher enzyme 
inhibiting activity show high levels of MHC class-l molecule expression promoting activity and cell proliferation inhibiting 
55 acton, the order in the strength of their activities is not always consistent with the order in the strength of enzyme inhib- 
iting activities. 

[0186] It may be judged that the MHC class-l molecule expression promoting activity and cell proliferation inhibiting 
acton associated with the histone deacetylase enzyme inhibiting activity in cells may substantially be affected by any 
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difference in the cell membrane permeability of the compound concerned in addition to the enzyme inhibiting activity, 
and accordingly, some compounds may not have very high levels of MHC ciass-l molecule expression promoting activ- 
ity and cell proliferation inhibiting action. 



Table 6 



15 



25 



Compound 


IC 50 (nM) 


Trichoetatm A 


2.55 


HDA-5 


6.03 


HDA-30 


331 


HDA-31 


3.32 


HDA-49 


4.81 


HDA-50 


3.96 


nUM 3 1 




HDA-52 


4.35 


HDA-17 


24.7 


HDA-18 


150 


HDA-27 


3.44 


HDA-38 


5.32 


HDA-39 


226 


HDA-37 


9.16 


HDA-42 


53.8 


HDA-43 


33.9 



(Test Example 6) Evaluation of anti-cancer activity 

35 [0187] Since the cyclic tetrapeptide compounds of the present invention exhibited cell proliferation inhibiting effect 
on cancerized cells in vitro as shown in the results of the aforementioned Test Example 3, it may be concluded that they 
will also have anti-cancer activity in vivo. On the other hand, the cell proliferation inhibiting effect on individual cancer 
cells was observed in different degrees and it is supposed that there may be a difference in the sensitivity to individual 
cancer cells. In order to prove that the cyclic tetrapeptide compounds of the present invention indeed exhibit anti-cancer 

40 activity in the actual living body and to verify the presence or absence of any difference in sensitivity to individual cancer 
cells, typical cancer cells were used in evaluating anti-cancer activity in both ascites and solid tumor systems. 

(1) In vivo anti-ca ncer activity i" mouse (ascites tumpr system] 

45 Test Method 

[0188] With respect to an ascites tumor system, in vivo anti-cancer activity of the cyclic tetrapeptide compounds 
according to the present invention was evaluated using cancer-carrying mouse. The cancer cells used were L1210. 
B16, Colon26 and MH134. These cancer cells were cultured in a conventional manner and suspended in PBS, and 10 5 

50 cells of L1210, or 10 s cells of B16, Colon26 or MH134 were intraperitoneally transplanted into each mouse (100 
Hl/mouse). The mouse used was CDF1 , BDF1 , CDF1 or C3H/HeN (male, 7 weeks in age) for L1 210, B16, Colon 26 or 
MH134, respectively. Drug administration was started from the day next to the transplantation of cancer cells. For 
L1210, 0.5% carboxymethyl cellulose Na suspension and for other cancer celts, PBS solution (actually, as suspension 
neutralized with NaOH) were continuously administered every day (100 ^it/mouse). The period of administration was 4 

55 days for L1210, 9 days for B16 and MH134, and 8 days for Colon26. 

[0189] After the administration period passed, the mice administered were bred and median survival days were cal- 
culated on the basis of the number of days from the transplantation of cancer cells to death. The percent ratio (T/C%) 
between the median survival days (C) for a control group to which an equal amount of a drug-free solution was admin- 
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istered and the median survival days (T) of the treated group administered with the drug was determined. As an exam- 
ple, the results for HDA-31 are shown in Table 7. 



Table 7 





Median Survival days (T/C%) 


cell lines 


0.015 mg/mouse 


0.05 mg/mouse 


0.15 mg/mouse 


1 .5 mg/mouse 


L1210 


113 




125 


37.5 


B16 


117 


119 


139 




Colon26 


90.9 


86.4 


63.6 




MH134 


95.8 


85.4 


91.7 





[0190] From the results shown in Table 7, HDA-31 obviously exhibited a life-saving effect for the cancer cells L1210 
and B16. On the other hand, no life-saving effect was observed for Colon26 and MH134. H has thus been suggested 
that the cyclic tetrapeptide compounds of the present invention may possibly be anti-cancer agents for ascites tumor 
systems although the effectiveness is variable with the kind of cancer. 

20 

(2) In vivo anti-cancer activity in mouse (solid tumor system) Test Method 

[0191] Three mouse cancers Colon26, Meth A and B16 were used to evaluate in vivo anti-cancer activity of the 
cyclic tetrapeptide compounds according to the present invention in a solid tumor system. The cancer cells were cul- 

25 tured in a conventional manner, suspended in PBS and intradermal^ transplanted into a mouse ventral portion (10 5 ) . 
The mouse used was CDF1, Balb/c or BDF1 (male, 7 weeks in age) for Colon 26, Meth A or B16, respectively. On day- 
4, 7 and 10 for Colon 26, or on day-7, 10, 13 and 16 for Meth A and B16 (day-0 being the day of cancer transplantation), 
a given amount of solution containing a predetermined amount of a compound to be tested was administered into the 
tail vein (10, 3 and 1 mg/kg; 2 ml/kg). In this example, the solution for administration used was PBS suspension (as neu- 

30 tralized with NaOH). On day-14 for Colon26 and on day-21 for Meth A and B16, the size of tumor (shorter and longer 
diameters) was measured. The tumor weight was estimated from the value obtained by calculation from the equation: 
1/2 x longer diameter x shorter diameter 2 . Anti-tumor effects were based on the estimated tumor weight used as a 
measure and a tumor weight was estimated for a control group to which an equal amount of a drug-free solution was 
added; % inhibition was determined on the basis of the difference between the estimated tumor weights for the treated 

35 and control groups. 

[0192] As an example, the evaluation results for HDA-31 are shown in Table 8. 



Table 8 



45 



55 



cell lines 


condition 


tumor weight (mg) 


% inhibition 


Colon 26 


control 


980 ± 77 






1 mg/kg 


756 ± 25 


22.9 




3 mg/kg 


677 ±155 


31.0 




10 mg/kg 


726 ±123 


25.9 


Meth A 


control 


3120 ±480 






1 mg/kg 


21 00 ±570 


32.5 




3 mg/kg 


1230 ±500 


60.7 




10 mg/kg 


1470 ±500 


52.8 


B16 


control 


699 ± 229 






1 mg/kg 


258 ±184 


63.1 




3 mg/kg 


280 ±152 


59.9 




10 mg/kg 


120 ±112 


82.9 
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[0193] From the results shown in Fig. 8, it has been confirmed that the cyclic tetrapeptide compounds of the present 
invention including HDA-31 exhibit effectiveness in the solid tumor cells tested. In particular, HDA-31 showed a very 
high inhibition rate of 80% against B16 melanoma. 

[0194] It has been judged from the above results that the cyclic tetrapeptide compounds of the present invention 
s show anti-cancer activity in both ascites and solid tumor systems by utilizing their action in inhibiting the proliferation of 
cancer cells. Further, anti-cancer activity was observed when the drug was administered to the tail vein in the above 
example, and it may be judged that after the administration of the drug, its the concentration in the blood was main- 
tained within an effective range over a considerable period of time to exhibit the anti-cancer effect. 

w (Test Example 7) 

[0195] It may be judged that the concentration of the cyclic tetrapepttdes of the present invention in the blood is 
maintained within an effective range over a considerable period of time after their administration; in addition, it has been 
verified that such change of concentration in blood which is suitable for actual application as an anti-cancer agent is 
i$ achieved. As an example, the results of evaluation of the drug HDA-31 used in the above Test Examples are shown. 

ChflngQ pf con centration pf HDA-31 in rtf flood 
Test Method 

20 

[0196] Under anesthesia with Ketamine/Kylazine mixture, SD rats were administered with HDA-31 into the tail vein 
(10 mg/kg; 2 ml/kg). The drug was dispersed in PBS and neutralized with NaOH and the resulting suspension was 
used. After administration, blood was taken from the carotid artery at a given interval of time (using heparin as an anti- 
coagulant) and centrHuged to prepare plasma. HDA-31 in Ihe plasma was extracted with MTBE (methyl-t-butyl-ether) 
25 and separated by reverse-phase HPLC and a peak area corresponding to HDA-31 was qualitatively determined with a 
mass spectrometer. 

[0197] "The results are shown in Fig. 7. The results shown are mean values for 3 animals. ICso value of HDA-31 for 
cancer cell proliferation inhibition ranges from several nM to several tens of nM. Since 100 ng/mi corresponds to 174 
nM in molar concentration, it can be seen that concentrations in blood exceeding the stated effective concentrations 

30 were mainfaised over a few hours after the intravenous administration. 

[01 98] Since the drug was administered as a suspension of fine particles, the fine particulate drug may possibly be 
rapidly metabolized without being fully circulated in the blood. Taking this possibility into consideration, it can be 
expected that if a medium capable of completely dissolving the drug is used, higher concentrations in the blood may be 
achieved at the same dose. With respect to the inhibition of cancer cell proliferation or promotion of MHC class-l mole- 

35 cule expression, HDA-50 and HDA-52, for example, exhibit higher activities than HDA-31 as shown in the aforemen- 
tioned results of the tests at the cell level. Assuming that the cyclic tetrapeptide compounds of the present invention that 
exhibit higher activities than HDA-31 , such as HDA-50 and HDA-52, show similar kinetics to HDA-31 shown here, these 
compounds could achieve an effective concentration in blood at lower doses. 

40 Industrial Applicability 

[0199] The cyclic tetrapeptide derivatives or pharmaceutically acceptable salts thereof according to the present 
invention have an excellent activity in promoting the MHC class-l molecule expression as an ancillary effect of their 
excellent histone deacetylase enzyme inhibiting activity. Further, they also have a cell proliferation inhibiting and cell 

45 cycle inhibiting action derived from the enzyme histone deacetylase inhibition, so that enlargement of cancer tissues is 
inhibited. Hence, by utilizing the MHC class-l molecule expression promoting action, they can remarkably promote the 
elimination of cancer cells by the immune system and are very usefull as anti-cancer agents. Since the enzyme histone 
deacetylase inhibition of the cyclic tetrapeptide derivatives according to the present invention is reversible, they have 
the advantage of causing very little unfavorable side effects, such as cell proliferation inhibition and cell cycle inhibiting 

60 action, on normal tissues as compared with irreversible inhibitors. 

Claims 

1 . A cyclic tetrapeptide derivative represented by any of the following general formulae (I), (I*), (0, and (!"'): 

55 
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a * 

O R4 

/ 

HN. 



wherein: 

R 1 1t R 12 , R21 and R 22 independently denote a monovalent group selected Irom hydrogen, a linear alkyl group 
with 1 to 6 carbon atoms, a branched alkyl group with 3 to 6 carbon atoms, a linear co-aminoalkyl group with 1 
to 5 carbon atoms, a branched aminoalkyl group with 3 to 5 carbon atoms, an N -acyl -aminoalkyl group in which 
the amino group on said linear or branched aminoalkyl groups is substituted with an acyl group or a halogeno- 
substituted acyl group that have 3 or less carbon atoms, benzyl group, 4-methoxybenzyl group. 3 -indolyl methyl 
25 group, (N-methoxy-3-indolyl)methyl p/oup, an (N-acyl-3-indolyl)methyl group having an acyl group with 3 or 

less carbon atoms as a substituent on the ring-forming nitrogen atom, and methyl group substituted with an 
aryt group comprising 4 or less rings; 

R3 denotes a divalent group selected from a linear alkyl ene group with 3 or 4 carbon atoms in the chain which 
may have a branched chain on the chain, a linear alkenylene group with 3 or 4 carbon atoms in the chain which 

30 may have a branched chain on the chain, a linear alkadienylene group with 4 carbon atoms in the chain which 

may have a branched chain on the chain, and a divalent group in which the branched chain added onto said 
linear aJkylene, linear alkenylene or alkadienylene group forms a fused ring structure, as well as a divalent 
group in which among the carbon atoms constituting the chained hydrocarbon group, one of the carbon atoms 
other than that having a free valence has been replaced with a heteroatom oxygen, sulfur or nitrogen; 

35 R 4 denotes a divalent chained hydrocarbon group with 4 to 6 carbon atoms in the chain which may have a 

branched chain on said chain, or a divalent group in which among the carbon atoms constituting the chained 
hydrocarbon group, at least one of the carbon atoms other than that having a free valence has been replaced 
with a heteroatom oxygen, sulfur or nitrogen; and 

R 5 in the general formulae (I") or (P) denotes a methyl group or halogeno-substHuted methyl group, or a phar- 
40 maceutically acceptable salt thereof. 

2. The cyclic tetrapeptide derivative according to claim 1 , which is represented by said general formula (I), or a phar- 
maceutical^ acceptable salt thereof. 

45 3. The cyclic tetrapeptide derivative according to claim 1 , which is represented by said general formula (I'), or a phar- 
maceutically acceptable salt thereof. 

4. The cyclic tetrapeptide derivative according to claim 1 , which is represented by said general formula (I"), or a phar- 
maceutical ly acceptable salt thereof. 

50 

5. The cyclic tetrapeptide derivative according to claim 1 , which is represented by said general formula (I'"), or a phar- 
maceutical^ acceptable salt thereof. 

6. A histone deacelylase inhititor comprising the cyclic tetrapeptide derivative or pharmaceutical^ acceptable salt 
55 thereof according to any one of claims 1 to 5 as an effective ingredient. 

7. An MHC class-l molecule expression promoting agent comprising the cyclic tetrapeptide derivative or pharmaceu- 
tical^ acceptable salt thereof according to any one of claims 1 to 5 as an effective ingredient. 
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A pharmaceutical composition comprising the cyclic tetrapeptide derivative or pharmaceutical^ acceptable salt 
thereof according to any one of claims 1 to 5 as an effective ingredient. 

The pharmaceutical composition according to claim 8 which is used as an anti-cancer agent. 
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FIG. 1 
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FIG. 2 




Acetylated lysine 




63 



EP1 010 705 A1 



FIG. 3 




10* i<r 7 10* 10* 0.0001 



Concentration (M) 



64 



EP1 010 705 A1 



FIG. 4 
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FIG. 5 
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FIG. 6 
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FIG. 7 
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